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POST-TREATED SULFURIZED SALT OF AN ALKYL-SUBSTITUTED
HYDROXYAROMATIC COMPOSITION
PRICGRITY
{6801} This application claims the benefit under 35 U.S.C. §119 to U.S. Provisional
Patent Application No. 61/383,562, filed on December 27, 2011, the contents of which are

incorporated by reference herein,

BACKGROUND OF THE INVENTION

1. Technical Field

{6602} The present invention generally relates 1w a post-treated sulfurized salt of en
alkyl-substituted hydroxyaromatic composition. The present invention further refates to a
post-irented sulfurized salt of an alkyl-substituted hydroxyaromatic composition having a
reduced comtent of unsulfurized alkyl-substituted hydroxyaromatic compound and iis
unsulfurived metal salt, methods of making same and their use in lubricating oil compositions.

2. Descrivtion of the Related Ant

G003} The Tubricant additive industry generally uses alky! phenols (e.g., tetrapropenyl
phenol, TPP) to prepare detergents comprising sulfurized metal alkyl phenate. Metal sudts of
sutfurized alkylphenols are useful lubricating ol addstives which mmpart detergency and
dispersancy properties to the ubricating oil compesition for maring, automotive, railroad and
air-cooled engines as well as providing for an alkslinity reserve in the oil. Alkalinity reserve
is necegsary in order %o nentralize acids penerated during engine operation.  Withow! this

alkalinity reserve, the acids so generated would result in harmful engine corrosion. However,
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there may be some unreacted alkyl phenols such as fetrapropenyl phenol presemt in the
saifurized metal alkyl phenate as well as in lubricating oils containing one or more of the
sulfurized metal alky! phenates.

{6004} A recent reproductive toxicify study in rats sponsored by the Petroleum
Additives Panel of the American Chemistry Council shows that free or unreacted TPF may
cause adverse effects on male and female reproductive organs, Further, it is believed that TPP
may be corrosive or irritating to the skin.

{6005} 1.5, Patent Application Publication No. 20080070818 (“the *818 publication™)
discloses a lubwicating oil composition including at least one sulphurized overbased metal
phenate detergent prepared from & Co-Cys alkyl phenol, at least one sulpburizing agent, at
{east one metal and at feast one overbasing agent; the detergent including less than 6.0% by
combined mass of unsulphurized Co-Cys alkyl phenol and unsulphurized metal salis thereof.
Examgples A and B disclosed in the ‘818 publication obtained an overbased detergent having
5.58 and 3.84 mass %, respectively, of unsuphurized alkyl phenol and iy unsulphurized
calciom salt,

16066 115, Patent Application Poblicetion No. 20090143264 (“the ‘264 publication™
discloses sulfurized metal alkyl phenate compositions having 2 low alkyl phenot content. The
sulfurized metal alkyl phenate compositions of the *264 publication can be prepared by
reacting a phenol compound such as tetrapropenyt phenol with an aldehvde to form 2 phenolic
resin and then reacting the phenolic resin simtbtaneously with 8 metal base and 2 first

sulfurizing agent.
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{00873 U.S. Patent No. 3,649,229 (“the “229 patent”) discloses a condensation product
of (1} & high molecular weight alkyvl-substituted hvdroxyaromatic compound, whersin the
alky! group has a molecular weight from about 600 to about 3,000; {2) an amine which
contatns & HN< group, L.e., an active hydrogen, and (3) an aldehyde, wherein the respective
molar ratio of the rcactants is 1:0.1-1(0:0.1-10. Example 7 of the "229 patent discloses that
Mannich reaction of polypropylphenol sulfide with diethylenctriamine and paraformaldehyde.
[6008] U8, Patent No. 4,088,586 {“the ‘586 patent™) discloses a Mannich base
prepared by condensing tetrapropenyiphenol, formaldehyde and dicthylenetriamine. The ‘586
patent finther discloses that the calcium salt of the Mannich base is prepared using
conventional methods, for example, by treating the Mannich base with calcium hydroxide in
the presence of a promoter.

10609} U.8, Patent No. 4,157,308 discloses Mannich bases and the alkaline carth
metal selts thereof, whtich are prepared by condensing formaldehyde and 2 polyamine with a
phenolic mixture consisting of (1) from 95 to 30% phenol alkylated with 2 propylene tetramer
and (2) from 3 to 70% phenol alkyiated with a straight-chain alpha-olefin of from 16 to about
28 carbon atoms or alpha-olefin mixtures whereln the alpha-olefing are of from 16 to about 28
carhon atoms.

{0916 (.S, Patent No., 4,157,309 discloses Mannich buses and the alkaline earth
metal salts thereof, which are prepared by condensing formaldehyde and 2 polyamine with a
sulfur-containing phenclic mixture congisting of (1} from 3 10 35 mol percent of a sulfurized
alkylphenol wherein the alky] group is Ce-Cyg alkeyl, and €2) from 95 10 65 mol percent of

pheno! alkylated with a propylene tetramer.
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[6011] 1.8, Patent No. 4,175,044 discloses Mannich bases and the alkaline carth
metal salts thereof, which are prepared by condensing formaldehyde and a polyamine with a
sutfur-containing phenolic mixture consisting of (1) from § to 40% of 2 suifurized atkyiphenol
wherein the alkyl group is Ce-Cye alkyl, and (2) from 93 1o 60% of 2 phenolic mixiure
consisting of {a) from 95 to 30% phenol alkylated with a propylene tiramer and (b) from S to
70% phenol alkylated with a straipht-chain alpha-olefin of from 16 to about 28 carbon atoms
or alpha-olefin mixiures wherein the alpha-olefins are of from 16 to about 28 carbon atoms.
j0012] GB1604609 discloses in Examples G and 2 the condensstion product of a
mixture of alkyl phenol and a carbonated and non carbonated sulfurized alkylphenol/sali
mixture, diethviamine trigmine, and paraformaldehyde.

N3] However, problems associated with the use of a polyamine in prepring 8
Mantiich reaction product includes formation of sediment and plugging issues due to the
multiple reactions occurring from the highly reactive polvamine, as well as being too viscous
a material.

0014} To reduce any potential health risks to customers and to avoid potential
regulatory issues, there is a need to redoce the amount of free unsulfurized alkyl-substituted
hydroxyaromatic compound and its metal sslt in the salts of sulfurized alkyl-substituted
hydrogyaromatic compositions.  Accordingly, it is desirable to provide an Improved process
for masking postdreated salis of suifurized alkylsubstituted hydroxyaromatic compositions
which have refatively low levels of unzsulfurized atkyl-substittied hydroxyvaromatic compournd

and its metal salt.
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SUMMARY OF THE INVENTION

f0015} In secordance with one embodiment of the present irvention, there is provided
a post-treated salt of a sulfurized alkyl-substitated bydroxyaromatic composition which is 2
reaction product of {g) a salt of a sulfurized alkyl-substitated hydroxyaromatic composition,
wherein the alkyl-substituted hydroxyaromatic compound 18 derived from alkylation of &
hydroxyaromatic compound with one or more elefing comprising Cy fo Cyg oligomers of
manomers selected from propylens, butylene or mixtures thereof, (1) & source of an aldebyde
and {c) a primary andior secondary monoamine compound having at least one active
hydrogen.

{0016] In accordance with a second embodiment of the present invention, there is
provided o post-ireated salt of a sulfurized alkyl-substituted h}f{imxyaromatis composition
having a reduced content, by combined mass, of an unsulfurized alkyl-substituted
hydroxyaromatic compound and iy unsulfarized metal salt, the postireated salt of the
sulfirized alkyl-substituted hydroxyaromatic composition being prepared by a process
comprising:

{0017} {a) providing a salf of & sulfurized alkyl-substiuted hydronvaromatic
composition contalning an wnsulfirized alkyl-substituted hydroxyaromatic compound and its
wrstlfurized metal salt, wherein the alivi-qubstitted hydroxyvaromatic compound 3s derived
from alkviation of a hydroxyaromatic compound with one or more olefins comprising Oy 1o
Cy oligomers of monomers selecied from propylene, butylene or mixtures thersof; and

10018] {b} reacting the salt of z sulfwized sikyl-substituted hydrovyeromatic

composition with an cffective amount of an sldehyde and a primary andior secondary
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monoamine compound having at least one active hydrogen and under reaction conditions
sufficient to provide a post-treated salt of the sulfurized alkyl-substituted hydroxyaromatic
composilion having st least about 70% reduced content, by combined mass, of the
unsulfurized alkyi-substituted hydroxyaromatic compound and its wnsulfurized metal salt,
compared fo the content, by combined mass, of the unsulfurized alkyl-substituted
hydresvaromatic compound and its unsulfurized metal salt present in the non-post-treated salt
of a sulfurized alkyl-substituied hydroxyaromatic composition.

19} in accordance with a third embodiment of the present invention, there is
provided a process for preparing a posi-treated salt of a sulfurized alkyl-substituted
hydroxyaromatic composition having a reduced comtent of unsulfurized alkyl-substituted
hydroxyaromatic compound and its unsulfurized metal salt, the process comprising the steps
oft

106264 (8) providing s salt of s sulfurized alkyl-substituted hydroxvaromatic
composition containing an unsulfurized alkyl-substituted hydroxyaromatic compound and its
unswlfirized metal sali; wherein the alkvl-substituted hydroxyaromatic corapound is derived
from atkylation of a hyvdroxyaromatic compound with one or more olefing comprising Ce t0
(g oligomers of monomers selected from propylene, butylene or mixtures thereof; and

B621] (b} rescting the salt of a sulfurized alkyl-substituied hydroxyaromaic
composition with an effective amount of an sldehyde and a primary andfor secondary
menoaming compound having at least one active hydrogen and under reaction conditions
sufficient to provide a post-treated sali of the sulfurized alicyl-substiiuied hydroxyaromatic

corposition having at least about 70% reduced conlent, by combined mass, of the
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unsulfurized atkyl-substituted hydroxyaromatic compound and its unsulfurized metal salr,
cornpared fo the content, by combined mass, of the unsulfurized alkyl-substituted
hydroxyarpmatic compound and its unsulfurized metal salt present in the non-post-treated salt
of a sulfurized alkyl-substituted hydroxyaromatic composition.

[6622] In accordance with a fourth embodiment of the preseat invention, there is
provided a lubricating oil composition comprising:

{6013} {a) & major amount of an oif of lubricating viscosity; and

fo24] {by at least one posttreated salt of 2 sulfurized alkyl-substituted
hydraxyaromatic composition which is a reaction produet of (i) a salt of a sulfirized alkyl-
substituted hydroxvaromatic composition, wherein the alkyl-substituted hydroxyaromatic
compound is derived from alkylation of a hydroxyaromatic compound with one or more
olefins comprising Cs to Cpy oligomers of monomers selected from propylene, butylene or
mixtures thereof, (i) & source of an aldehyde and (i) a primary and/or secondary monoamine
compound having at least one active hydrogen,

{6625] In accordance with 2 fifth embodiment of the present invention, there is

provided 2 lubricating oil composition comprising:

[o026] {a) a major amount of an oil of lubricating viscosity, and
027 {6y at least one post-treated salt of a2 sulfurized  alkyl-substituted

hvdroxyaromatic composition having a reduced content, by combined mass, of an
unsulfurized alkyl-substituted hydroxyaromatic compound and ity unsulfurized metal salt, the
salt of a sulforized alkylhydroxyaromatic composition being produced by a process

comprising:
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{6028] () providing a salt of a sulfurized alkyl-substituted hydroxyaromatic
composition containing an unsulfurized alkyl-substituted hydroxyaromatic compound and is
unsutfurized metal salt; wherein the alkyl-substituted hydroxyaromatic compound is derived
from alkylation of 2 hvdroxyaromatic compound with one or more olefins comprising Cy to
4y oligomers of monomers selected from propylene, butylene or mixtures thereof: and

{6029 (i1} reacting the sali of a sulffurized alkyl-substituted hydroxyaromatic
composition with an effective amount of an aldehyde and a primary endfor secondary
moncamine compound having at least one sctive hydrogen and under reaction conditions
sufficient to provide a post-treated salt of the sulfurized alkyl-substituted hvdroxyaromatic
composition having at least about 70% reduced comtent, by combined mass, of the
unsulfirized alkyl-substituted hydroxvaromatic compound snd s vosulfurized metal salt,
compared to the content, by combined mass, of the unsulfurized alkyl-substituted
hydroxyaromatic compound and its unsulfurized metal salt present in the non-post-treated salt
of a sulfurized alkyl-substituted hydroxysromatic composition.

{0036 In accardance with a sixth embodiment of the present invention, there is
provided a method of operating an indemal combustion engine comprising operating the

internal conbustion engine with a hubricaling ofl composition comprising:

[6631] {z) a major amount of an oil of lubricating viscosity; and
{0632} (b} at least one post-treated salt of o sulfurized alkyl-subsiituted

hydroxyaromatic composition which is a reaction product of (i) 4 salt of a sulfurized alkyl-
substitwied hydroxyaromatic composition, wherein the alkyl-substifuted hydroxyaromatic

compound is derived from alkylation of a hydroxyaromatic compound with one or mare
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olefins comprising Co to Cys oligomers of monomers selected from propylene, butylene or
mixtures thereof, (i1} a source of an aldehyde and (i1} 4 primary and/or secondary monoamine
compound having at least one active hydrogen.

{0633} In accordance with a seventh embodiment of the present invention, there is
provided a method of operating an internal combustion engine comprising operating the

internal combustion engine with g lubricating oil composition comprising:

{0034] {2} 2 major amount of an oil of lubricating viscosity; and
{0035} {6} at least one postiresfed salt of a sulfurized alkyl-substituted

hydtoxyarematic composition having a reduced content, by combined mass, of an
unsulfurized slkyl-substituted hvdroxyaromatic compound and its unsulfurized metal salt, the
post-treated salt of a sulfurized alkylhydroxvaromatic composition being produced by a
PEOCESS COmprising:

[6¢36] {1} providing a sall of a sulfurized alkyl-substiftuted hydroxyaromatic
composition containing an unsuifirized alkyl-substituted hydroxyaromatic compound and its
unsulfurized metal salt; wherein the alkyl-substituled hydroxyaromatic compound is derived
from alkylation of 2 hydroxyaromatic compound with one or more olefins comprising Gy to
Cyg oligomers of monomers selected from propylene, butylene or mixtures thereof; and

{037 (1) reavting the salt of a sulfurized alkyl-subsiituted hydroxvaromatic
composition with an effective amount of an aldchyde and a primary andfor secondsry
monoamine compound having at least one active hydrogen and under reaction conditions
sufficient to provide a post-treated salt of the sulfurized alkyl-substituted hydroxyaromatic

composition having at least about 70% reduced content, by combined mass, of the
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unsulfurized alkyl-substituted hydroxyaromatic compound and its unsulfirized metal salt,
compared to the conient, by combined mass, of the unsulfurized alkyl-substinued
hydroxyaromatic compound and its unsulfurized metal salt preseat in the non-post-treated sall
of & sulfurized alkyl-substinned hydroxyaromatic composition.

[0638] In accordance with a eighth embodiment of the present invention, there i§
provided a method for reducing the endociine disrupting properties of a lubricating oil
composition on exposure to mammals, the method comprising adding at least one post-treated
salt of a sulfurized alkvi-substituted hydroxyaromatic composition which is a reaction product
of (i} a salt of a salfurized alkyl-substitnied hydroxyaromatic composition, wherein the alkyk
substituted hydroxyaromatic compound is derived from alkylation of a hydroxyaromatic
compound with one or more olefins comprising Cy to Cyy oligomers of monomers selected
from propylene, butylene or mixtures thereof, (i1} a source of an aldehyde and (i1} a primary
and/or secondary monoemine compound having at least one active hydrogen, to a lubrcsting
oil composition comprising & major amourt of an oif of ubricating viscosity,

(6639 ln accordance with a ninth embodiment of the present invention, there is
provided a method for reducing the endocrine disrupting properties of a lubricating oil
composition on exposure 1o mammals, the method comprising adding al feast one post-treated
salt of & sulfurized slcyihydroxyaromatic composition which is produced by a process
comprising:

ja840] () providing a salt of s sulfurized alkyl-substituted hydroxyarematic
composition comtaining an unsulfurized alicyl-substituted hydroxyaromatic compound and its

unsulfurized metal salt; wherein the alkyl-substituted hydroxvaromatic compound is derived
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from atkylation of & hydroxyaromatic compound with one or more olefing comprising Cy 10
C:g oligomers of monomers selected from propylene, butylene or mixtures thereof’ and

{041} {ii} reacting the salt of a sulforized alkyl-substituted hydroxyaromatic
composition with an effective amount of an aldehyde and a primary and/or secondary
monoamine compound having at least one active hydrogen and under reaction conditions
sufficient 1o provide a post-treated salt of the sulfurized alkyl-substituted hydroxyaromatic
composition having at Jeast sbout 70% reduced content, by combined mass, of the
unsulfurized alkyl-substituted hydroxysromatic compound and its unsulfurized metal salt,
compared fo the content, by combined mass, of the unsulfurized alkyl-substituted
hydroxyaromatic compound and its unsulfirized metal salt present in the non-post-treated salt
of 2 sulfirized alkyvl-substituted hydroxyaromatic composition, to a lubrcating ol
composition comprising a major amount of an oil of hibricating viscosity.

{442} The process of the present invention advantageously provides & post-iresied
salt of 2 sulferized alkyl-substtuted hydroxyaromatic composition containing relatively low
tevels of unsulfurized alkyl-substituted hyvdroxyarometic compound and its unsulfurized metal
saft that can be prepared in a simple, cost efficient manner.  This is an unexpected
improvement in that the presence of the wnswifurized alkyl-substitnted hydroxyaromatio
compound and its unsulfored metal salt in oa sall of a sulfurized alkyl-substituted
hydroxyaromatic composition is undesirable because of their deletericus estrogenic behavior

and thers is a growing concern of their potential release In the environment.
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BRIEEF DESCRIPTION OF THE DRAWINGS

[0043] Figure 1 is a bar graph showing the difference in mean blotted and wet uterine
weights for the four treatment groups (75, 250, 300, and 1000 mg/kg/day) compared to the

vehicle control group.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{00441 Prior to discussing the invention in further detadl, the following terms will be
defined:

[045] DEFINITIONS

{3046} As used herein, the following forms have the following meanings, unless

expressly stated to the contrary:

{8047} The term "Hme™ as used herein refers to caleium hydroxide, slse known as
siaked lime or hydrated lime,

{0048} The term "Total Base Number" or "TBN" as used hercin refers to the amount
of base equivalenmt w milliprams of KOH in 1 gram of sample. Thus, higher TBN numbers
reflect more alkaline products, and therefore g greater alkalinity reserve. The TBN of a
sample can be defermined by ASTM Test No. D2896-11 issued May 15, 2011 or any other

equivaleni procedure,

[0049] The term “phenate” means a metal salf of a phenol.
. [o0sE] The term "alkylphenate” means 8 metal sadt of an alkyiphenol.
12
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[0051} The term “alkyiphenol” means 2 phenol having one or more alky! substituents,
wherein at feast one of the alkyl substituents has a sufficient number of carbon atoms fo
impart oil solubility to the phenel,

[B832] The term “lime” refers to calcium hydroxide, also known as slaked lime or

hydrated lime.

[B053] The term "metal” means alkell metals, alkaline earth metals, or mixtures
thereof,

(0054} The term “alkaline earth metal” refers to calcium, barivm, magnesium, and
strontm,

f3055] The term "alkali metal” refers to Hihium, sodium, potassium, rubidium, and
cesium.

[B036]) The term "metal base” refers to a metal hydroxide, metal oxide, metal

alkoxides and the fike and mixtures thereof, wherein the metal is an alkaline earth metal or
alkali metal.

0057} The term "overbased” refers to a class of metal salts or complexes, These
materials have also been referred to as "basic”, "superbased”, "hyperbased”, "complexss”,
"metal complexes”, “high-metsl containing salis”, and the like. Overbased products are metal
salts or complexes characterized by a metal content in excess of that which would be present
according 1o the stoichiomeiry of the metal and the particular acidic organic compound
reacted with the metal, e.g., a carboxylic acid. Suitable overbasing wetals include alkaline
carth métais such as magnesium, calcium, barium, and strontium.  Suitable overbasing metals

can be provided from the corresponding metal hydroxides, for example, calcium hydroxide

e
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and mapnesium hydroxide provide the sowrce for the alkaline carth metals calcium and
magnesium, respectively. Additional overbasing can be achicved by the addition of acidic
overbasing compounds for example, carbon dioxide and boric acid.

10658} The term “sulfated ash content” refers to the amount of metalcontaining
additives {¢.g., caloium, magnesium, molybdenum, zing, eic.) in g lubricating oil composition
and is typically measured according to ASTM D874, which is incorporaled herein by
references.

[B059] The present invention is directed to a posi-reated salt of a sulfunized alkyl-
substitnted hydroxyaromatic composition which is a reaction product of {a} a salt of 2
sulfurized alkvi-substituted hydroxvarometic composition, wherein the alkyl-substituted
hydroxyaromatic compound is derived from alkylation of a hydroxyaromatic compound with
one of more olefing comprising Cq to Cyy oligomers of monomers selected from propylene,
butylene or mixtures thereof, (b} a source of an aldchyde and (¢} a primary and/or secondary
monoamine compound having at least one active hydrogen.

G860} In another embodiment, the present invention is further directed to 2 post-
treated salt of a sulfurized alkyl-substituted hydroxyaromatic eomposition having a reduced
content of at least about 70%, by combined mass, of an unsulfirized alkyl-substituted
hydroxvaromatic compound and s unsulfirized metal salf | compared io the content, by
combined mass, of the unsulfurized alkyl-substituted hydroxyaromatic compound and its
unsulfurized metal salt present in the non-post-ireated salt of a sulfurized alkyl-substituted

hydroxyaromatic comiposition,
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[0661] in general, the postireated salt of a sulfurized alkyl-substituted
hydroxyaromatic composition is obtained by (a) providing a salt of & sulfrived alkyl
substituted  hydroxyaromatic composition containing an unsulftwized  alkyl-substituted
hydroxyaromatic compound and its unsulfurived metal salt; wherein the alkyl-substituied
hvdroxyarotatic compound i3 derived from alkylation of a hvdroxyaromatic compound with
one or more olefins comprising Ce to Ciy oligomers of monomers selected from propylene,
butviene or mixtures thereof, and {b) reacting the sslt of a sulfurized alkyl-substituted
hydroxyaromatic composition an cffective amaount of an aldehyde and a primary and/ior
secondary monoamine compound having at least one active hydrogen and under reaction
conditions  sufficient to provide a posttreated salt of the sulfurized alkylsubstitated
hydroxyaromatic composition having at least about 70% reduced content, by combined mass,
of the wnsulfurized alkyl-substituted hydroxyaromatic compound and ity unsulfirized metal
salt, compared 1o the content, by combined mass, of the unsulfurized alkyl-substituted
hydroxyaromatic compound and fts unsulfinized metsl salf present in the nen-post-treated salt
of a sulfurized alkyl-substituted hydroxyaromatic compusition.

{6062} In step {a)}, a salt of a sulfirized slkyl-substituted hydroxyaromatic
composition containing an unsulfurized alkyl-substituted hydroxyaromatic compound and its
unsutfurized metal selt 19 provided, In general, the composition is obtained by (3} alkviating 2
hydroxvaromatic compound with one or more olefins comprising Ce to C oligomers of
monomers selected from propylene, butylene or mixtures thereof, to provide an alkyl
substitated hydroxyaromatic compound; (if} sulfurizing and neutralizing the alkyl-substituted

hydroxyaromatic compound in any order to provide a salt of a sulfurized alkyl-substiuled
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hvdroxyaromatic composition; and (i) optionally overbasing the salt of a sulfirized alkyl
substituted hydroxyaromatic composifion.  In one embediment, the unsulfurized alkyl-
substituted hydroxvaromatic compound is teteapropenyt phenol. In cortain embodiments, the
teirapropenyt phenol comprises a mixtare of the isomers of tetrapropenyl phenol, such as 3
mixture of p-dodecyiphenol, m-dodecylphenol and o-dadecyliphenol.

[0663] The alkyl-substituted hydroxyaromatic compound emploved in the present
invention is prepared by methods that are well known in the art, Useful hydroxyaromatic
compounds that may be alkylated include mononuclear moenohydroxy and polyhydroxy
aromatic hydrocarbons having 1 1o 4, and preferably 1 to 3, hydroxyl groups. Suitable
hydroxyaromatic compounds include phenol, catechel, resorcinol, hydroguinone, pyrogallol,
cresol, and the like and mixtures thereof. In one embodiment, the hydroxysromatic
compound is a phenol.

{0064] The alkylating agent emploved to alkylate the hydroxyaromatic compound
includes one or more olefins comprising (o to Cyg oligomers of monomers selected from
propylene, butylene or mixtures thereof. Generally, the one or more olefins will contain a
major mount of the Cq to Tz oligomers of monomers selected from propviene, butylene or
mixtures thereof Examples of such olefing include propylene teframer, butvlene trimer and
the like, As one skilled in the art will readily appreciate, other olefins may be present, For
example, the other clefing that can be used in addition fo the Cs to Cyg oligomers include
linear olefins, cychic olefins, branched olefins other than propylene oligomers such as
bxi{yﬁeae ot isobutyiene oligomers, arylalkylenss and the like and mixtores thersof. Suitable

fincar olefins include 1-hexens, 1-nonene, 1-decene, 1-dodecene and the like and mixtures
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thereof. Especiaily suitable linear olefing are high molecular weight normal alpha-olefing
such us T to Cy normal alpha-olefins, which can be obtained from processes such as
ethylene oligomerization or wax cracking  Sumtable cyclic olefing include cyclohexene,
cyclopentene, cyclooctene and the Jike and mixtures thereof. Suitable branched olefing
include butylene dimer or tritmer or higher molecular weight isobutylene oligomers, and the
fike and mixtures thersof, Suitable arvialkylenes include styrene, methyl styrene, 3-
phenvipropene, 2-phenvi-2-butene and the like and mixtures thereof.

{3663} Alkylation of the hydrexyvaromatic compound with the one or more olefins
comprising Cy to Cyg oligomers of monomers selected from propylens, butylene or mixtares
thereol is generally carried out in the presence of an alkylation catalyst. Useful alkylation
catalysts include Lewis acid catalysts, solid acid catalysts, trifiuoromethancsutfonic acid, and
acidic moleculor sieve catalysts. Suitable Lewis acid catalysts include aluminum trichloride,
aluminum tribromide, aluminum tritodide, boroen triflucride, boron tribromide, boron tritodide
and the like.

{6066] Suitable solid acidic catalysts include zeolites, scid clays, and/or silice-
alumina, The cawalyst may be a molecular sieve.  Eligible molecular sieves are silica-
aluminophosphate molecular sieves or metfal silica-aluminophosphate molecolar sieves, in
which the mstal may be, for example, iron, cobalt or nickel, In one embodiment, & solid
cafalyst is a cation exchange resin in is acid form, for example, crosslinked suifonic acid
catalyst, Suitable sulfonated acidic ion exchange resin type catalysts include Amberlyst 367,
available from Rohm and Hass {Philadelphia, Pa.). The acid catalyst may be recycled or

regenerated when used in a batch process of 4 continuous progess.
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(0857 The reaction conditions for the alkylation depend upon the type of catalysi
used, and any switsble set of reaction conditions thaf result in high conversion o the
alkvibydroxyaromatic product can be employed. Typically, the reaction temperature for the
alkyiation reaction will be in the range of about 253°C o abowt 200°C and preferably from
about 85°C 1o sbout 135°C, The reaction pressure will generally be atmospheric, although
higher or lower pressures may be cmployed. The alkylation process can be practiced in a
batchwise, continuous or semi-continuous manner. The molar mtio of the hydroxyaromatic
compound 1o one or more olefing is normally in the range of about 141 to about 0.5:1, and
preferably will be in the range of about 5;1 to gbout 3:1.

[0068] The alkvlation reaction may be carried ouf neat or in the presence of o solvent
which is inert to the reaction of the hydrogyaromatic compound and the olefin mixture. When
emploved, 2 typical solvent is bexane,

[0069] Upon completion of the reaction, the desired alkythydroxyaromatic compound
can be isolated using conventional techniques. Typically, excess hydroxyaromatic compound
15 distilied from the reaction product.

[6870] The: alkyl group of the alkythydroxyaromatic compound is typically attached to
the hydroxyaromatic compound primarily in the ortho and para pesitions, relative to the
hydroxyl group,

{6071] The alkyl-substituted hydroxyaromatic compound is subsequently sulfiurized
and nemtralized in any onder to provide a salt of u suifurized alkyl-substituted
hydroxyaromatic composition. The sulfurization and neutralization steps can be performed in

any order so as to provide the sali of the sulfurized allyl-substituted hydroxyaromatic
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composition.  Alfernatively, the newtralizafion sod sulfurization steps can be caried out
simultaneously.

[a72} In general, sulfurization is carried ont by contacting the alkyl-substituted
hydroxyaromatic compound with a sulfur source which introduces 8y bridging groups
between alkybsubstituted hydroxyaromatic compounds, wherein x is 1 to 7, in the prosence of
a base. Any suitable sulfur source can be used such as, for example, clemental sulfur or 2
halide thereof such as sulphur monochloride or sulphur dichlonide, hydrogen sulfide, sulfur
diexide and sodivm sulfide hydrates. The sulfur can be employed either as molten sulfor or as
a solid {e.g. powder or particulate) or as a solid suspension in & compatible hydrocarbon
liguid.

7Y The bhase catalyzes the reaction to  incorporate sulfur onto  the
atkythvdroxvaromatic compound. A suitable base includes, but is not limited to, NaOH,
KOH, Ca{OH), and the like and mixtures thereof,

{1874] The base is generally employed at from about .01 to shout 1 mole percent 10
the atkyl-substituted hydroxyaromatic compound in the reaction system, In one embodiment,
the base is emploved at from about 0.01 to about 0.1 mole percent fo the alkyl-substituied
hydroxyaromatic compound in the reaction system. The base can be added to the reaction
mixture 48 a solid or & Houid. In one preferred embodiment, the base is added as an squeous
sotution.

10675) Sulfur is generatly employed at from about 0.5 1o sbout 4 moles per mole of
the alkyl-substifuted hydroxyaromatic componnd in the reaction system. In one embodiment,

sulfur is emploved at from asbowt 08 to 2 moles per mole of the alkyl-substituted
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hydroxyaromatic compound. In one embodiment, sulfur is employed at from sbout 1 to 1.5
moles per mole of atkyl-substituted hydroxyaromatic compound.

{0076} The temperature range In which the sulfurizetion reaction is camried out is
gencrglly about 150°C io about 200°C. In one embodiment, the femperature range is from
about 160°C to about 180°C. The reaction can be conducted under aimospheric pressure {or
slightly lower} or at elevated pressures. During sulfurization g signifieant amount of by-
product hydrogen sulfide gag is evolved. In one embodiment the reaction is carried out under
vaciaan $o facititate the Ha§ elimination. The exact pressure developed during the reaction is
dependent upon such factors ss the design and operation of the system, the reaction
temperature, and the vapor pressure of the reactents and products and it may vary during the
course of the reaction. In one embodiment, the process pressures are at atraospherie to about
20 nym Hg,

10077} Neutralization  of the sulfurized or  unsulfurized  alkyl-substiteted
hydroxyaromatic compound may be camied out in @ continuous or haich process by any
method known o a person skilled in the art  Numerous methods are known in the art to
neutralize the sulfurized or unsulfurized alkyl-substituted hydroxyaromatic compounds and to
produce basic phenates by incorporation of a source of base, In general, neutralization can be
carried out by contacting the sulftrized or wnsulfurized alkyl-substituted hydroxyaromatic
compound with a metal base under reactive conditions, preferably in an inert-compatible
liguid hydrocarbon dilvent. If desired, the reaction can be condacted under an inert gas,
typically nitrogen. The metal base may be added either in a single addition or in a plurality of

additions at intermediate points during the reaction.
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{0078} Suitable metal basic compounds include hydroxides, oxides or alkoxides of the
metal such as (1) an alkali metal salt derived from z metal base selected from an alkali
hydroxide, alkali oxide or an alkali atkoxide, or (2) an atkaline carth metal salt derived from 2
metal base sclected from an alkaline earth hydroxide, alkaline earth oxide or alkaline earth
atkoxide. Representative examples of metal basic compounds with hydroxide functionality
include lithium hydroxide, potasstum hydroxide, sodivm hydroxide, magnesium hydroxide,
calcinm hydroxide, barium hydroxide, alominum hvdroxide and the jike. Representative
examples of meial basic compounds with oxide functionality include lithium wmude,
magnesium oxide, calcium oxide, bartum oxide and the hike. v one erhodiment, the alkaline
carth metal base i3 slaked lime (calcium hydroxide), because of itg handling convenience and
cost versus, for example, calcium oxide.

{079} Neutralization is typically conducied in a suitable solvent or diluents oil, such
as toluene, xylene and commonly with a promoter such as an alochol, e.g., & Cy to Cy¢ alcohol,
such as methanol, deeyl aleohol, or 2-ethyl hexanol; a diol, ¢, (2 to Oy alkylene glycols,
such as ethylene glveol; and/or carboxylic acids. Suitable diluent oils include naphthenic oils
and mixed oils, e.g., paraffinic oils such as 100 neutral ofl. The quantity of solvent or diluent
ot} used is such that the amount of solvent or oil in the final product constitutes from about
25% to abous 65% by weight of the final product, preferably from about 30% to about 50%.
For example, the source of alkaline earth metal is added in excess as a shurry (Le, as a pre-
mixture of source of an alkaline earth metal lime, solvent or dileent otl) and then reacted with

the suifurized or unseifurized alkyl-substituted hydroxvaromatic compound.
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[Ga8e] The neuiralization reaction between the metal base and the sulfurbzed or
unsutfurized  alkyl-substituted  hydroxyaromatic compound is typically conducted at
temperatures above room temperature (20°C). In general, neutralization can be carried out at
& temperature of between sbout 20°C and about [50°C. 1t is however preferred to carry the
neutralization at fow termperatmee. In one embodiment, neutralization can be carried out at a
temperature of between about 25°C and about 30°C. The neutralization reaction iwself should
take place for a period of fime of from about § fo about 60 minutes. If desired, the
newtralization reaction is carried out in the presence of 2 prometer such as ethylene glyesl,
formic acid, acetic acid, and the like and mixtures thereof,

16081} Upon completion of the sulfurizing and acutralizing of the alkyl-substituted
hydroxyaromatic compownd, a ncutral sslt of a sulfurized alkyl-substituied hydroxyaromatic
composition is obtained. I desired, the noural salt of a sulfurized alkyl-substiwuted
hydroxyaromatic composition can be overbased to provide an overbased salt of a sulfurized
atkyl-substituted hydroxysromatic composition. Overbasing can be carried out cither during
or after one of the sulfurization and neutralization steps and by any method known by a
person skilled i the art.  Alternatively, sulfurization, neutralization and overbasing can be
carried owt simultaneously. In general, the overbasing is carried ot by reattion with an acidic
ovethasing compound such as, for sxample, carbon dioxide or boric acid.  In one
embodiment, an overbasing process is by way of carbonation, Le., a reaction with earbon
dioxide. Such carbonation can be conveniently effected by addition of solvents v like
aromatic solvents, alcohols or a polyols, typically an alkylene diol, e.g., ethviene glveel,

Convendently, the reaction is conducted by the simple expedient of bubbling gascous carbon
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diogide through the reaction mixture, Excess solvents and any water formed during the
overbasing reaction can be conveniently removed by distillation etther during or after the
reaction.

[8681] In one embodiment, the overbasing reaction is carried out in a reactor by
| reacting the salt of the sulfurized alkyl-substituted hydroxvaromatic composition with &
source of an alkaline earth metal such as Hme {i.e., an slkaline earth metal hyvdroxide} in the
presence of carbon dioxide, and in the presence of an aromatic solvert (e.g., xylene}, and 2
hydrocarbyl alcohol such as methanol. Conveniently, the reaction is conducted by the simple
expedient of bubbling gaseous carbon dioxide through the reaction mixaure. The carbon
dioxide is introduced over a period of about | hour fo about 3 hours, at a temperature ranging
from sbout 30°C 1o about 60°C. The degree of overbasing may be controlled by the quantity
of the source of an alkaline carth metal, carbon dioxide and the reactants added to the reaction
mixture and the reaction conditions used during the carbonation process.

{BO§3] In another embodiment of the invention, the overbasing reaction can be carried
out between shout 140°C and about 180°C in the presence of & polyol, typically an alicylene
diel, e.g., ethylene giveol, and/or alkanols, e.g., Cg to Oy alkanols, such as decyl alcohols, 2-
ethy! hexanol, Excess solvent and any water formed during the overbasing reaction can be
conventently removed by distiliation either during or afier the reaction,

o084} The overbaged salt of a sulftwized alkyl-substituted hydroxyaromatic
composition may have &8 TBN of from about 50 t about 500.

{6085] In general, the resulting neutral or overbased salt of a sulfurized alkyl-

substifuged hvdroxyaromatic composition will contain an smount, by combined mass, of
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unsulfurized alkyl-substituted hydroxyaromatic compound and its unsultfurized metal salt that
will nead to be further reduced in order minimize any potential health risks to customers and
1o avoid potential regulatory issues. In one embodiment, the resulting non-posted neutral or
overbased salt of a sulfurized alkyl-substituted hydroxyaromatic composition will ordinarily
contrin from about 2 to about 10 wi %, by combined mass, of the unsulfurized alkyl-
subsiituted hydroxyaromatic compound and its unsulfirized metal salt.

{086} As one skilled in the art would unﬁefstand, the salt of 2 sulfurized alkyl-
substituted hydroxyaromatic composifion can contain other components in addiion 1o the
unsuifurized atkyi-substituted hydroxyaromatic compound and its ansulfurized metal salt,
{D087] In step {b), the neutral or overbased salt of a sulfurized alkyl-substitwied
hydroxyaromatic composition is reacted with an effective amount of an aldehyde and a
primary and/er secondary monvamine compeund having at least one active hydrogen and
under reaction conditions sufficient to provide a post-treated salt of the sulfurized alkyl-
substituted hvdroxvaromatic composition having at least about 70% reduced content, by
combined mass, of the unsulfurized alkyl-substituted hydroxyaromatic compound and is
wnsulfiwized metal salt, compared fo the content, by combined mass, of the unsulfurized
alkyl-substituted hydroxyaromatic compound and its unsulfirized metal salt present in the

non-past-reated salt of 2 sulfurized atkyl-substituted hydroxyaromatic composition.

[0688] Suitabie aldehydes include formaldehyde, aldehydes having the formula
o
R H
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wherein R is & branched or Binear € to Cyp alkyl radical, C; to Cyp oycloalkyl radical, g to
Cyg aryl radical, Gy {0 Cyp alkaryl radical, or a Cr to Cyp aralkyl radical, and the like and
mixtures thereof. In one embodiment, the aldehyde is a non-enolizable aldehyde.

[3089} Representative examples of aliphatic aldehydes for use herein include, but are
not limited to, formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde, valeraldchyde,
caproaldehyde, heptaldehyde and the like.

[B4906} Representative examples of aromatic aldelydes for use herein nclude, but are
not  lHmited fo, benzaldehyde, alkyibenzaldehyde such  ay  para-tolualdehyde,
hvdroxybenzaldehyde and the like,

6091} Also usefid are formaldehyde producing reagents, such aqueous formaldehyde
solitions such as formalin solutions, formaldehyde oligomers, e.g. trioxane, or polymers of
formaldehyde, such as paraformaldehyde. In one prefemed embodiment, the aldehyde is
paraformaldehyde used.

{00923 In general, an effective amount of aldehyde present in step (b) ranges from
about 1 melar equivalents to about 15 molar equivalents per equivalent of the unsulfurized
alkyl-substituted hydroxyaromatic compound and its unsulfurized metal salt present in the
neutral or overbased salt of a sulfurized alkyl-substituted hydroxyaromatic composition. In
one embodiment, the amount of aldehvde present in step (b} Is from about 1 molar equivalents
to about 10 equivalents per equivalent of the ansulfurized alkvi-substifuted hydroxyaromatic
compound and ifs unsulfurized metal salt present in the neutral or overbased salf of o

sulfurized alkyl-substituted hydroxyaromatic composition.
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10693] Suitable amine compounds are primary or secondary monoamines having at
least one active hydrogen. In one embodiment, 2 sultable primary monoamine compound for
use hereln is represented by the formula HNRR', where one of the radicals R or R' i
hvdrogen and the other radical is a Cy-Cyp hydrocarbyl radical.  Hxamples of such C-Cy
hydrocarbyl radicals melude, but are npt Hmited to, a siraight or branched, substituted or
unsubstituted C;-Cyg alkyl radizal, a substituted or unsubstitted Cy-Cig oycloalkyl radicsl, 8
substituted or unsubstituted Cs-Cyy cycloalkylalky! radical, a substituted or unsubstituted Cy-
Cay cycloalkenyl radical, a substituted or unsubstitoted Ce-Cyp aryl radical, and a substituted
or wsubstitited Co-Cag arylaliyl radical; g substitwted or wnsubstituted €y to Cyp alcohol
radical; a substituted or unsubstitated Cy to Cyp alkoxy radical and the like.

{8694} Representative examples of alkyl radicals for use herein include, by way of
example, a straight or branched alkyl chain radical containing carbon and hydrogen atoms of
from | to about 30 carbon atoms and preferably from { to about 6 carbon atoms with or
withont unsaturation, o the rest of the molecule, e.g., methyl, ethyl, n-propyl, l-methylethy!
{isopropyl}, n-butyl, n-pentyl, etc., and the like.

(G895} Represemtative examples of cycloalky! radicals for use herein include, by way
of example, & substituted or unsubstituted nom-aromatic mono or multicyclic ring system of
about 3 {0 about 30 carbon atoms such ag, for example, cvclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, pethvdronapththyl, adamantyt and norbornyl groups, bridged cyclic groups or
sprirobicychic groups, .., spiro~{4,4)-non-2-vl and the like.

[6696] Representative examples of cyeloaliylalkyl radicals for vse horein include, by

way of example, 2 substituted or unsubstituted cychic ring-containing radical containing from
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about 3 to about 30 carbon atoms directly attached to the alkyl group which are then attached
1o the main structure of the monomer at any carbon from the alkyl group that results i the
creation. of a stable structure such as, for example, cyclopropeimethyl, eyelobutylethyi,
cyclopentylethyl and the like.

{0097 Representative examples of cycloalkeny! radicals for use herein include, by
way of example, 8 substituted or unsubstituted cyclic ring-containing radical containing from
about 3 to about 36 carbon atoms with at least one carbon-carbon double bond such as, for
example, cvelopropenyl, cyclobutenyl, cyclopenteny] and the like,

[H098] Representative examples of aryl radicals for use herein include, by way of
example, a substitwted or unsubstiuted monoaromatic or polyaromatic radical containing
from about 5 to about 30 cerbon atoms such as, for cxample, phenyl, naphthyl,
teteahydronapthyl, indenyt, biphenyl and the like.

[089%] Represemtative examples of arviatkyl radicals for use herein inelude, by way of
example, g substituted or unsubstingted aryl group as defined hereirr directly bonded to an
atky! group as defined herein, e.g., -CHaCgHs, -CoHsCeHs and the like,

{08166 Representative examples of alcohol radicals for use herein include, by way of
example, an ~OH group attached via carbon linkage to the rest of the molecule, Le., of the
general formula ~R7OH, wherein R is an alkyl, cycloalkyl, cycloalkylalkyl, cycloalkenyl,
aryt or an arylalky! as defined herein and the OH group is atfached to any carbon atom,
[ae161} Representative examples of alkoxy radicals for use herein include, by way of
exarmple, an alkyl group as defined herein atftached via oxygen 'Ei.rikage fo the rest of the

molecule, te, of the general formsla -OR’, wherein R is an alkyl, cydoalkyl,
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cycloalkylalkyl, cycloatkenyl, aryl or an arylalkyl as defined herein, e.g.. ~OCH;, -OCHs, or
~(3C:Hs, and the like,

106102} The substituents in the *substituted alky?’, “substitited cycloalky?’, ‘substituted
cycloatkylatkyl’, “substituted cycloatkenyl’, ‘substituted aryl’, ‘substituied arylalkyl,
‘substituted aleohol’, and *substituted atkoxy™ may be the same or different and include one or
more substituenis such as hydrogen, hydroxy, halogen, carboxyl, oxo (=0), thio(=8),
substituted or unsubstituted alicyl, substituled or unsubstitsted alkoxy, and the like.

(44163} Suitable primary monoamine compounds of the formule HNRR' include, but
are not limited te, alkylamines such as methylamine, ethylamine, n-propylamine,
isopropylamine, n-butylamine, isobutylamine, sec-butylamine, tert-butylamine, pentylamine,
hexvlamine, heptylamine, octylamine, nonylemine, decylamine, undecylamine,
dodecylaming, terradecyvlamine, hexadodecylaming,  stearylamine, cetadecylamine,
eicosylamine, and the like; eyoloatkvlamines such as cyclopentylamine, cyclohexylamine, and
the like: arvlarsings such ag aniline, benzylamine, Z-aminotoluens, J-aminotoluene, 4
aminotoluene, and the like; alkanolamines such gs methanolamine, ethanolaming, and the
fike; alkoxyamines such as 2 4-dimethylantline, 2.3-dimethylaniline, 2,5-dimethylaniline, 2,6-
dimethyvianiline, 34-dimethylaniline, 3,5-dimethylaniling, 2,4,5-rimethylaniline, 24,6
trimethylaniline, 3,4,3, f-tetramethylaniling, 24,5 btetramethylaniline, 2,356~
tetramethyvlaniline, 2-ethyl-3-hexvianiling, 2-ethyl-4-hexvianiline, 2-cthyl-3-hexyianiline, 2-
ethyl-6-hexylaniting, 3-ethyl-4-hexvianiline, 3-ethyl-5-hexylaniline, 3-ethyi-2-hexylaniline, 4-
ethyl-2-hexvlaniline, S-ethyl-2-hexylaniline, 6-ethyl-2-hexylaniline, 4-ethyl-3-hexylaniline, 5-

ethyl-3-hexyianiling, 346-tricthvitoluene, 2-methoxyeniline,  3J-methoxyaniline, 4-
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methoxyaniline, 2-methoxy-3-amethylaniline, 2-methoxy-4-methylaniline, 2-methoxy-3-
methylaniline, 2-methoxy-6-methylaniline,  3-methoxy-Z-methylaniline,  3-methoxy-4-
methylaniling,  3-methoxy-5-methylaniline, 3-methoxy-6-methyleniline,  d-methoxy-2+
methylaniline, 4-methoxy-3-methylaniline, 2-ethoxyaniline, 3-sthoxyaniline, 4-cthoxyanifine,
4-methoxy-S-methylaniline,  4-tnethoxy-G-methylaniline,  Z-methoxy-3-cthylaniiine, 2-
methoxy-d-cthylaniline, 2-methoxy-5-ethylanitine, 2-methoxy-6-ethylaniline, 3-methoxy-2-
cthylaniline, 3-methoxy-d-cthylaniline, 3-methony-S-ethylaniline, 3-methoxy-6-ethylaniline,
4-methoxy-2-ethylaniline, d-methoxy-3-cthylamiline, 2-methoxy-2.3 4-trimethylaniline, 3-
methoxy-2.4,S-trimethylanifine, 4-methoxy-2,3,5-trimethylaniline, and the like and mixtures
thereof,

jo0104] In another embodiment, a suitable secondary monoamine compound for use
herein is represented by the formula HNRRY, where R and R arc the same or different and are
C;-Cryy hydrocarbyl radicals, Examples of such hydrocarbyl radicals for R and RY of the
secondary moncamine compound can be any of the hydrocarbyl radicals discussed above for
the primary moncamine compounds, Suitable secondary moncemine compounds of the
formula HNRR! include, but are not Limited to, diatkylamines such as dimethylamine,
diethylamine, methylethvlamine, di-n-propylamine, diisopropylamine, dilsobutylamine, di-
sec-butylamine, di-tert-butylamine, dipentylamine, dihexylamine, and the bike, dicycloamines
such as dicyclopentvlamine, dicyclohexylemine, and the like: dimrviemines such as
diphenylamine, and the like; dialkanolamines such as diethanolamine, di-n-propanclamine,
diisopropanotamine, and the like, N-alkylatkanolamines such as N-methylethanolamine, N-

chtylethanolamine and the like and mixtures thereof.
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08105 In peneral, an effective amount of the monocamine compound present in step
(b} ranges from about 1 molar equivalents to about 15 equivalents per squivalent of the
unsulfurized afkyl-substituted hydroxyaromatic compound and its unsuifurized metal salt
present in the newtral or overbased salf of a sulfurized alkyl-substituted hydroxyaromatic
composition. In one embodiment, the amount of monocaming compound present in step (b} is
from about 1 molar equivalents to about 10 equivalents per equivalent of the unsulfurized
alkyi-substituted hydroxyaromatic compound and is unsulfurized metal salt present in the
newtral or overbased salt of 2 sulfurized alkyl-substituted hydroxyaromatic composition.
[06106] In one embodiment, an effective amonnt of aldehyde and the monoamine
compound present in stop (b} is a molar ratio of aldehyde to the moncamine compound
ranging from about 11 to about 5:1.

6107} In one embediment, the reaction is carried out employing a molar ratic of the
seutral or overbased salt of a sulfurized alkylsubstituted hydroxyaromatic composition o
aldehyde to monoamine compound ranging from about 1:1:1 to about 1:10:10.

160108] As one skilled in the art will readily appreciate, the reaction conditions will
necessarily depend on the reactants employed and their respective effective amount. In one
embodiment, suitable rerction conditions include a temperature ranging from about 70°C to
about 180°C and time pertod for the resction ranging from abow 30 minutes to about 14 hour.
{60183} If desired, step (b) can be carried out in the presence of‘ a suitable solvent,
which can be recovered from the reaction product. Suitable solvents include organic solvents
such as, for example, aromatic hydrocarbon solvents such as toluene, benzene, and the like,

sleshol solvents such as methanol, ethanol, decylaloohol, 2-ethyd hexanol and the like, and
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mixtares thereof, 1 desired, the reaction may be carried out in a mineral lubricating ofl and
the resulting product is recovered as a lubricating oil concentrate.

[35116] The reaction of the neutral or overbased salt of a sulfurized atkyl-substituted
hydroxvaromatic composition with an effective amount of aldehyde and primary andfor
secondary monoamine compound having at least one active hydrogen is carried out under
reaction conditions sufficient to provide a post-treated salt of the sulfurized alkyl-substituted
hydroxyaromatic composition having at least about 70% reduced content, by combined mass,
of the unsulfurized alkyl-substituted hydroxyaromatic compound and its unsulfurized metal
salt, compared fo the content, by combined mass, of the unsulfirized alkyl-substituted
hydroxyaromatic compound and its unsulfurized metal salt present in the not-post-treated salt
of a sulfivized athyl-substituted hydroxyaromatic composition. In one embodiment, the
reaction of the neuiral or overbased salt of a sulfurived slkyl-substituted hydroxyaromatic
composition with an effective amount of aldehyde and primary and/or secondary monoamine
compound having at least one active hydrogen is carvied out under reaclion conditions
sufficient to provide a posttreated salt of the sulfurized alkyl-substituted hydroxyaromatic
composition having & jeast about 75% reduced comtent, by combined mass, of the
wnsulfurized alkyl-substituted hydroxyaromativ compound and ils unsulfurized metal salt.

L RRE: Tn one eatbodiment, the reaction of the neuteal or overbased salt of a splfurized
alkyl-substituted hydroxyaromatic composition with an effective amount of aldehvde and
primary and/or secondary monoaming compoumd having at least one active hydrogen is
carried out nnder reaction conditions sufficient to provide a post-ireated salt of the sulfunized

atleyl-substituted hydroxyaromatic composition having at least about 80% reduced content, by
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combined mass, of the unsulfurized alkyl-substituted hydroxyaromatic eompound and its
unsulfurized metal salt, In one embodiment, the reaction of the neutral or overbased salt of 8
sulfurized alkyl-substituted hydroxyaromatic composition with an effective amount of
aldehyde and primary andfor secondary moncamine compound having at least one active
hydrogen s carried out under reaction conditions sufficient t provide 4 post-treated salt of
the sulfurized alkyl-substituted hydroxyaromatic composition having at least abowt 83%
reduced content, by combined mass, of the vasulfurized atkyl-substituted hvdroxyaromatic
compound and its unsulfurized metal salt,

[B6112] In one embodiment, the reaction of the neutral or overbased salt of a sulfurized
alkyl-substituted hydroxyaromatic composition with an effective amount of aldehyde and
primary and/or secondary monoamine compound having at least ene active hydrogen is
carried out under reaction conditions sufficient 1o provide a posi-treated salt of the sulfirized
atkyl-substituted hydroxyaromatic composition having at least about 90% reduced content, by
combined mass, of the unsulfurized alkyl-substituted hydroxyaromatic compound and {is
unsolforized metal salt. In one embodiment, the reaction of the newiral or overbased saltof @
suifurized alkyi-substituted hydroxyaromatic composition with an effective amount of
aldehvde and primary and/or secondary monoamine compound having at least one active
hydrogen is carried out under reaction conditions sofficient tw provide & post-treated saly of
the sulfurized alkyl-substituted hydroxyaromatic composition having at least about 93%
rechiced comtent, by combined mass, of the unsulfurized alkyl-substitnted hydroxyaromatie
compound and its unsulfurized metal salt. In one embodiment, the reaction of the neutral or

overbased salt of a sulfurized slkybsubstinged bydroxyaromatic composition with an
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effective amount of aldehyde and primary andfor sccondary monoamine compound having af
feast one active hydrogen is carried out under reaction conditions sufficient to provide a post-
ireated salt of the sulfurized alkyl-substituted hydroxyaromatic composition having 100%
reduced content, by combined mass, of the unsulfurized alkyl-substituted hydroxyaromatic
cospound and its unsulfurized metal salt,

jH8113] Lubricating Qi Composition

{00114 Another embodiment of the present invention s directed to a hubricating oil
composition confaining af least {a) a major amount of an oil of lubricating viscosity; and (b) at
least one post-treated salt of a sulfurized slkyl-substituted hydroxyaromatic composition
. which is a reaction product of {1} a salt of & sulfurized atkyl-substituted hydroxyaromatic
composition, wherein the atkylsubstituted hydroxyaromatic compound is derived from
alkylation of & hydroxyaromatic compound with one or more olefins comprising Co to Cig
oligomers of monomers selected from propylene, butylene or mixtures thereof, (il) a source of
an aldehyde and (i) a primary and/or secondary monoamine compound having at least one
active hydrogen,

{00115} Another embodiment of the present invention s directed to a ubricating off
composition containing at least (8) a major amount of an oil of fubricating viscosity; and (b} at
least one postreated salt of a sulfurized alkyl-substituted hydroxvaromatic composition
having a reduced content, by combined mass, of arp unsulfurized alkyl-substitnied
hydroxyaromatic compound and its unsulfurized metal salt, the posttreated salt of a

sulfurized allythydroxyaromatic composition being produced by a process comprising:
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{00116} (i} providing & salt of a sulfurized alkyl-substituted hydroxyaromatic
composition containing an wnsulfurized alkyl-substituted hydroxyaromatic compound and its
unsulfurized metal salyy wherein the alkyl-substituted hydroxyaromatic compound is derived
from alkylation of a hydroxvaromatic compound with one or more olefins comprising Co to
U5 oligomers of monomers selected from propylene, butylene or mixtures thereof, and
(681171 (i) reacting the salt of a sulfurized alkyl-substitmted hydroxyaromatic
composition with an effective amount of an aldehyde and a primary and/or secondary
monoamine compound having at least oue active hydrogen and under reaction conditions
sufficient to provide & post-treated salt of the sulfurized alkyl-substituted hvdroxyaromatic
composition having at least abowt 70% redoced content, by combined mass, of the
unsutfurized afkyl-substituted hydroxyaromatc compound and s vasulfurized metal salt
compared 10 the confent, by combined mass, of the unsulfurized allyl-substitated
hydroxyaromatic compound and its unsulfurized mictal salt present in the non-posi-treated salt
of a sulfurized atkyl-substituted hydroxyaromatic composition.

[60118] Generally, a post-treated salt of the sulfurized alkyl-substituted
hydroxyaromatic composition of this invention will be present in the lubricating oil
compositions in an amount of about amount of about 0.01 to about 10 wt. %, based on the
wital waight of the lubricating ofl composition. Tn one embodiment, a post-treated salt of the
sulfurized alkyl-substituted hydroxyaromatic compositiors of this invention will be present in
the lubricating oil compositions in an amount of about amount of about 0.01 1o about 3 wt. %,

based on the total weight of the lubricating oil composition.
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{bo119} The oil of lubricating viscosity for use in the lubricating oil compositions of
this invention, also referred to as a base oil, is typleally present in a major amount, ¢.g., an
amount of greater than 50 wt. %, or greater than abount 70 wa. %, or from about 806 to about
995 wt. % or from about 85 o about 98 wi, %, based on the total weight of the composition.
The expression “base oif” as used herein shall be understoed 1o mean a base stock or blend of
base stocks which s 2 Iubricant component that is produced by a single manufacturer fo the
same specifications {independent of feed source or manufacturer’s Jocationy; that meets the
same manufacturer’s specification; and that is identified by 2 unique formula, product
identification number, or both. The base oil for use herein can be any presently known or
tnter-discovered oil of lubricating viscosity uwsed in formulating lubricating ol compositions
for any and all such applications, e.g., engine oils, marine cylinder oils, functional fluids such
as hydraulic oils, gear oils, transmission fluids, ete. Additionally, the base oils for use herein
can optionally contain viscosity index improvers, ¢.g., polymeric alkylmethacrvlates; olefinic
copolymers, ¢.g., an ethylene-propylene copolymer or a styrene-butadicne copolymer; and the
like and mixtures thereof.

(60120} As one skifled in the art would readily appreciate, the viscosity of the base oif
is dependent upon the application, Accordingly, the viscosity of a base ol for use herein will
ordinarily range from showt 2 fo about 2000 centistokes {86 at 100° Centigrade (°C)
Generally, individually the base otls used as coging oy will have a kinematic viscosity range
at JOO°C of abowt 2 ¢51 to about 3¢ ¢St, or from about 3 ¢3t o about 16 ¢8¢, or from zhout 4
o8t 1o about 12 ¢St and will be selecled or blended depending on the desired end vse and the

additives in the fimished oil 0 give the desired grade of engine oil, e.g., & lubricating oif
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composition having an SAE Viscosity Grade of OW, 0W-20, GW-30, 0W-40, 0W-30, 0W-60,
AW, SWA20, SW-30, SW-40, SW-50, SW.60, 10W, 16W-20, 10W-30, 10W-40, 10W-5(,
1SW, 1AW-20, 15W.30 or 13W-4D. Oils used as gear oils can have viscosities ranging from
ahout 2 ¢St to ahout 2000 ¢St at 100°C, The kinematic viscosity of the base ails or the
Jubricating oil compositions disclosed herein can be measured according to ASTM D 445,
which is incorparated herein by reference.

(0121 Base stocks may be manufactured using a varfety of different processes
including, but not Hmited to, distillation, solvent refining, hydrogen processing,
oligomerization, esterification, and rerefining. Rerefined stock shall be substaniially free
from materials introduced through manufacturing, contamination, or pravious use. The base
oil of the lubricating oil compaesitions of this invention may be any natural or synthetic
lubricating base oil. Suitable hydrocarbon synthetic oils inelnde, but are not limited to, oils
prepared from the polymerization of ethylene or from the polymerization of i-olefins to
provide polymers such as polyalphaclefin or PAQ oils, or from hydrocarbon synthesis
procedures using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process,
For example, a suitable base ol is one that comprises fittle, i any, heavy fraction; e.g., linde,
if any, lube off fraction of viscosity 20 ¢St or higher at 100°C.

{6122} The base oi} may be derived from natural lubricating oils, synthetic Iubricating
oils or mixtures thereof. Suitable base otl includes base stocks obtained by isomerization of
synthetic wax and slack way, as well as hydrocracked base stocks produced by hydrocracking
(rather than solvent extracting) the aromatic and polar components of the crude. Suitable base

oils include those in all AP categories I, T1, 1L IV and V s defined in API Publication 1309,
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14th Edition, Addeadom [ Dec. 1998, Group IV base oils are polyalphaolefins (PAO).
Group V base ails include all other base oils not included in Group I, I, I, or IV, Although
Group {1, 11 and IV base oils are preferred for use in this invention, these base oils may be
prepared by combining one or more of Group L, 11, L IV and V base stocks ot base oils.
{06123 Useful natural oils include mineral lubricating oils such ag, for example, liquid
petrofeum oils, solvent-treated or acid-treated mineral lubricating oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, aimal oils,
vegetble ofls {e.g., rapeseed vils, castor oils and lard o}, and the Jike.

108124} Useful synthetic lubricating olls include, but are not limited to, hydrocarbon
oils and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,
£.g., polvbutylenes, polypropvlenes, propylene-isobutylene copolymers, chiorinated
potybutylenes, polv(I-hexenes), poly(i-octenes), poly{l-decenes), and the Iike and mixtures
thereof; alkylbenzenes such as dodecylbenzenes, tetradecyibenzenes, dinonylbenzenes, dif2-
ethythexyl}-benzenes, and the like; polyphenyls such as biphenyls, terphenyls, alkylated
polyphenyls, and the like; alkvlated diphenyl ethers and alkylated dipheny! sulfides and the
derivative, analogs and homologs thereof and the like,

1001251 Other usefil synthetic lubricating oils include, but are not limited 1o, oils made
by polvmerizing olefins of less than 3 carbon afoms such as ethylene, propylene, butylenes,
isobutene, pentene, and mixtures thereol. Methods of preparing such polymer oils are well
known to those skilled in the art.

(00126} Additional useful synthetic hydrocarbon oils include Houid polymers of alpha

olefins having the proper viscosity. Fapeclally useful synthetic hydrocarbon oils are the
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hydrogenated Heuid oligomers of Cy to Cyy alpha olefins such as, for example, I-decene
irimer.

[ee12n Another class of useful synthetic lubricating oils include, but are not limited to,
alkylene oxide polymers, Le., homopolymers, interpolymers, and derivatives thereof where
the terminal hydroxyl groups have been modified by, for example, esterification or
etherification, These oils are exemplified by the oils prepared through polvmerization of
sthylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene
solymers {e.g., methyl poly propylene glycol ether having an average molecular weight of
1,000, diphenyl ether of polyethylene glyeol having 4 molecular weight of 500-1000, diethyl
cther of polypropylene glycol having a molecular weight of 1,000-1,500, efc.} or mono~ and
polycarbexyiic esters thereof such as, for example, the acetic esters, mixed Cs-Cy fatty acid
esters, or the (3 oxo geid diester of wimethylene glycol.

186128} Yot another class of usefid synthetic Inbricating oils include, but are not
Limited to, the esters of dicarboxylic acids e.g., phthalic acid, suecinic acid, alkyl succinic
acids, alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumnaric
acid, adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic
acids, etc., with a variety of alcohols, e.g., butyl alcohol, bexyl aleohol, dodecy! alcohod, 2+
ethylhexyl alcohol, ethylene glyeol, disthylene glycol monoether, propylens glyeol, e
Specific examples of these esters include dibutyl adipate, di(2-sthythexyl)sebacate, di-p-hexyl
fumaraie, diccty! sehacate, difsooctyl szelate, diisodecyl azelate, dioctyl phthalate, didecyl

phthalate, dieicosyl schacate, the 2-cthythexyl diester of linoleic acid dimer, the complex ester

38
SUBSTITUTE SHEET (RULE 26)



WO 2013/151593 PCT/US2012/071753

formed by reacting one mole of sebacic acid with two moles of tetraethylene glycol and two
moles of 2-ethylhexanoic acid and the like.

[00125] Esters usefil as synthetic oils also include, but are not limited to, those made
from carboxylic acids having from aboul 5 to about 12 carbon atoms with alcohols, e.g.,
methanol, ethanel, ete., polyols and polyol ethers such as neopentyl glyeol, trimethylol
propane, pentaerythritol, dipentacrythritol, tripentactytheital, and the like,

{66138 Silicon-based oils such as, for example, polyatkyls, polyaryl-, polyatkoxy- or
polvaryloxy-siloxane oils and silicste oils, comprise another useful class of gynthetic
lubricating oils. Specific examples of these include, but are not Himited to, tetraethyl silicate,
tetra-isopropyl silicate, tetra-(2-ethythexyl) silicate, tetra-(4-methyl-hexyljsilicate, tetra-{p-
ert-butylphenylsilicate,  hexyl-(4-methyl-2-pentoxy)disitoxane,  poly(methyl)siloxanes,
poly(methyiphenylisiloxancs, and the like. Stll yet other useful synthetic lubricating oils
include, but are not Hmited to, liguid esters of phosphorous containing acids, e.g., tricresyl
phosphate, triocty! phosphate, diethyl ester of decanc phosphionic acid, efe., polymeric
tetrahydrofurans and the like.

[06131] The lubricating oit may be derived from unrefined, refined and rerefined oils,
gither natural, synthetic or mixtures of two or more of any of these of the type disclosed
hereinabove, Unrefined oils are those obtained directly from a natural or synthetic source
{e.g., coal, shale, or tar sands biturnen) without {urther purification or treatrent. Examples of
unrefined oils include, but are not himited to, a shale oif obtained directly from retorting
cperatiéns, a petroleum oil obtained dircetly from distiflation or an ester oil ebtained directly

from an esterification process, each of which i3 then used without further treatment. Refined
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oils are similar to the unrefined oils except they have been further weated in one or more
purification steps to improve one or more properties.  These purification techniques are
known fo those of skill in the art and include, for example, solvent extractions, secondary
distilfation, acid or base extraction, filtration, percolation, hydrotreating, dewaxing, etc.
Rerefined oils are obtained by treating used oils in processes similar to those vsed to obtain
vefined otls. Such rercfined oils are also known as reclaimed or reprocessed oils and ofien are
additionally processed by techniques directed to removal of spent additives and oil breakdown
products,

{60132] Lubricating oil base stocks derived from the hydroisomerization of wax may
also be nsed, either alone or in combination with the aforesaid natnwral and/or synthetic base
stocks. Such wax isomerate ol is produced by the hydroisomerization of natural or synthetic
waxes or mixtures thereof over a hydroisomerization catalyst.

603133} Natural waxes are typically the slack waxes recovered by the solvent dewaxing
of mineral oils; synthetic waxes are typically the wax produced by the Fischer-Tropsch
Process.

§60134] The lubricating oll compostitons of the present invention may also confain
other convertional additives that can impart or improve eny desitable property of the
kabricating oil compesition in which these additives are dispersed or dissolved, Any additive
known 1o a person of ordinary skill in the @it may be used in the lubricating oil compositions
disclosed herein, Some suitable additives have beet deseribed in Mortier et al,, "Chemistry
and Technology of Lubricants," 2nd Edition, London, Springer, (1996); and Leglic R

Rudnick, "Lubricant Additives: Chemistry and Applications,” New York, Marcel Dekker
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(2003}, both of which are incorporated herein by reference. For example, the lubricating ol
compositions can be blended with antioxidants, anti-wear agents, detergents such as metal
detergents, rust inhibitors, dehazing agents, demulsifving agents, metal deactivating agents,
friction miodifiers, powr point depressants, antifoaming agents, co-solvents, package
compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents and
the like and mixtures thereof. A variely of the addifives are known and commercially
available. These additives, or their analogous compounds, can be emploved for the
prepacation of the lubricating ofl compositions of the invention by the usual blending
procedures.

[66135] In general, the concentration of each of the additives in the lubricating ol
composition, when used, may range from sbout 0.001 wt. % to about 10 wt. %, frem about
0.01 wit, % to about 5 wi. %, or from about 0.1 wt. % to about 2.5 wi. %, based on the total
weight of the lubricating oil composition. Further, the fotal amount of the additives in the
lubricating oil composition may range from about 0.001 wi. % 1o abowt 20 wi. %, from about
0.01 wt, % to shout 10 wi. %, or from about 0.1 wi. % to sbout 5 wt, %, based on the total
weight of the lubricating oil composition.

HIRET The lubricating oil composition disclosed herein can confain one or morg
antioxidants that can reduce or prevent the oxidation of the base oil.  Any antioxidant known
by a person of ordinary skill in the art may be used in the lubricating oil composition. Non-
Hroiting examples of suitable anfioxidants include amine-based antioxidants {e.g., atkyl
diphenylamines such as bis-nonyluied diphenylamine, bis-octylated diphenylamine, and

ociviated/butylated diphenylamine, phenybe-naphthylamine, alkyl or arylalkyl substituted
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phenyi-g-naphthylamine, aliylated p-phenylene diamines, tetramethyi-diaminodiphenylamine
and the like), phenolic antioxidants {e.g., 2-tert-butylphenol, 4-methyl-2,6~di-tert-butylphenol,
2.4 6-tri-tert-butyiphenol, 1,6-di-tert-butyl-p-cresol, 2,6-di-tert-butylphenol, 4.4
methylenebis-(2,6-di-teri-bulyiphenol), 4.4-thiobis(6-di-tert-butyl-o-cresol} and the Hke),
sulfur-based antioxidants (e.g, dilaurvl-3, 3thiodiproplonate, sniftrized phenolic antioxidants
and the like), phosphorous-based antiniiéanis {e.x, phosphites and the like), zinc
dithiophosphate, oil-solable copper compounds and combinations thereof. The amount of the
antioxident may vary from about 0.01 wt. % to about 10 wi. %, from about 0.03 wi. %10
about 5 wi. %, or from ghout 0.1 wi. % to about 3 wi. %, based on the total weight of the
hbticating oil composition. Some suitable antioxidants have been described in Leslie R,
Rudnick, "Lubricant Additives: Chemistry and Applications,” New York, Marcel Delker,
Chapter 1, pages 1-28 {2003}, which is incorporated herein by reference.

{06137 The lubricating oif composition disclosed herein can contain one or more
ashless dispersant compounds fo maintain in suspension insoluble materials resulting from
oxidation during use, thus preventing sludge fosculation and precipitation or deposition on
metal parts, Dispersants may also funchion to reduce changes in lubricating ol viscosity by
preventing the growth of large contaminant particles in the lubricant. Any dispersant known
by a person of ordinary skill in the art raay be used in the lubricating ofl composition. An
ashless dispersant generslly comprises an oil soluble polymerie hydrocarbon backbone having
functional groups that are capable of associating with particles to he digpersed.

{60138 In one embodiment, an ashless dispersant is one or more basie nifrogen-

cortaining ashless dispersants.  Nitrogen-containing basic ashless {metal-free) dispersands
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coniribute to the base number or BN {as can be measured by ASTM D 2896-11) of 2
lbricating oil composition to which they are added, without introducing additional sulfated
ash, Basic nitrogen-containing ashless dispersants usefil in this invention inchude
hydrocarby! suscinimides; hydrocarbyl succinamides; mixed ester/amides of hydrocarbyl-
substituted succinie acids formed by reacting a hydrocarbyl-substituted succinic acylating
agent stepwise or with a mixture of aleohols and amines, andfor with amino alcohols;
Mannich condensation products of hvdrmcarbybsubstitnied  phenols, formaldehyde and
polyamines; and amine dispersants formed by reacting high molecular weight aliphatic or
alicyche halides with amines, such as polyalkylene polvamines. Mixtures of such dispersants
can alse be used.

100139] Representative examples of ashiesy dispersants include, but are not bmited to,
amines, alcohols, amides, or ester polar moicties attached to the polymer backbones via
bridging groups. An ashless dispersant may be, for example, sclected from oil soluble salis,
esters, aming-egters, amides, imides, and oxazolines of tong chain hydrocarbon subsiituted
mono and dicarboxylic acids or their avhvdrides; thiccarboxylate derivatives of long chain
hydrocarbons, long chain aliphatic hydrocarbons having a polyamine attached directly
therete; and Mannich condensation products formed by condensing a long chain substituied
phenol with formaldehvde and polvalkylene polvamine,

[o6146] Carboxylic dispersants are reaction products of carboxylic acylating agenis
{acids, anhyvdrides, esters, eic.} comprising at least about 34 and preferably at least about 54
carbor afoms with nitrogen containing compounds (such as amines), organic hydroxy

compotnds {such as aliphatic compounds including monohydric and polvhydric aleohols, or
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aromatic compounds including phenols and naphthols), and/or basic inorganic materfals.
These reaction products include inmides, amides, and esters,

100141] Succinimide dispersants are 2 type of carboxylic dispersant.  They are
praduced by reacting hydrocarbyl-substituted succinic acylating agent with organic hydroxy
compounds, or with amiines comprising at least one hydrogen atom attached to a nitrogen
atom, or with a mixture of the hydroxy compounds and anines. The term "succinic acylating
sgent” tefers to a hydrocarbon-substituted suvccinic acid or a spccinic acidproducing
compound, the latter encompasses the acid itself.  Such materials typically include
hvdrocarbyl-substituted succinic acids, anhydrides, esters (including balf esters) and halides.
{00142} Succinio-based dispersanis have a wide variety of chemical structures, One
class of succinic-based dispersants may be represented by the formula;

e}
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wherein each R’ is independently a hydrocarbyl group, such as a polyelefin-derived group.
Typically the hydrocarbyl grouwp is an alky! group, such as a polyiscbutyl growp.
Alternatively expressed, the R} groups can contain about 40 to about 500 carbon atoms, and
these atoms may be present in aliphatic forms. R* is an alkviene group, commonly an
athylene (CoHy) group. Examples of succinimide dispersants include those daseribed in, for

example, U.S, Patent Nos. 3,172,892, 4,234,435 and 6,168,235,
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(04143 The potyatkenes from which the substituent groups ave derived are typically
homopolymers and interpolymers of polymerizable olefin monomers of 2 to about 16 carbon
atoms, and vsually 2 1o 6 carbon atoms. The amines which are reacted with the succinic
scylating agents fo form the carboxylic dispersant composition can be monoamines or
polyamines,

j06144} Succinimide dispersants are referred to a5 such since they normally confain
nitrogen largely in the form of imide functionality, although the amide functionality may be
the form of amine salis, amides, imidazolines as well as mixtures thereof To prepare a
succinimide dispersant, one or more suceine acid-producing compounds and one or more
amines are heated and typically water Is removed, eptionally in the presence of a substantially
inert organic liquid solvent/diluent. The reaction temperatore can range from about 80°C up
tor the decomposition temperature of the mixture or the product, which typically falls between
about 100°C 1o about 300°C. Additional details and examples of procedures for preparing the
succinimide dispersants of the present invention include those described in, for example, US.
Patent Nos, 3,172,892, 3,219,666, 3,272,746, 4,234,435, 6,165,235 and 6,440,905,

feg1481 Suitable ashless dispersants may also include amine dispersants, which are
reaction products of relatively high molecular weight aliphatic halides and amines, preferably
palyaliyiene polvemines, Examples of such amine dispersants include those deseribed in, for
example, U.B. Patent Nos, 3,275,354, 3,438,757, 3,454,535 and 3,565,804,

aise] Suitable ashless dispersants may further include "Mannich dispersants,” which
are yeaction products of alkyl phenols in which the alkyt group contains at least about 30

carbon atoms with aldehydes (especially formaldehyde) and amines (especially polvalkylene
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polyamines). Examples of such dispersants include those described in, for example, U8,
Patent Nos, 3,036,003, 3,586,629, 3,591,598 and 3,580,569,

160147} Suitable ashless dispersanis may also be posi-ireated ashiess dispersants such
as post-treated sucoinimides, e, post-reatment provesses invelving borate or ethylens
carbonate as disclosed in, for example, U158, Patent Nos. 4,612,132 and 4,746,446; and the like
as well as other post-treatment processes. The carbonate-treated alkenyl succinimide s a
polybutene succinimide derived from polybutenes having a molecular weight of about 450 o
about 3000, preferably from about 900 to about 2500, more preferably from abowt 1300 to
about 2400, snd most preferably from about 2000 to about 2400, as well as mixtures of tese
motecular weights. Preferably, it is prepared by reacting, under reactive conditions, & mixture
of & polybutene succlnic acid derivative, an unsaturgted acidic reagent copolymer of an
unsaturated acidic reagest and an olefin, and a polyamine, such as disclosed in U, Patent
No. 5,716,912, the contents of which are incorporated herein by reference.

100148] Suitable ashless dispersants may also be polymeric, which are interpolymers of
oil-solubilizing monomers such as decyl methacrylate, vinyl decy! ether and high molecular
weight olefins with monomers containing polar substitutes.  Examples of polymeric
dispersants include those described in, for example, US. Patent Nos. 3,329,658; 3,449,250
and 3,666,730,

[00149] In one preferred embodiment of the present invention, an ashless dispersant for
use in the lubricating ol compesition is a bis-succinimide derived from a polyisobuteny}

group having a number average molecular weight of about 700 {0 about 2300, The
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dispersant{s) for use in the lubricating ofl compositions of the present invention are preferably
non-potymeric {e g., are mono- or bis-succinimides).

IS The hubricating oll composition disclosed hereln can contain an additional
detergent, Any compound or a mixture of compounds that can reduce or slow the build up of
engine deposits can be used a8 a detergent, Noo-limibting examples of suitable metal detergent
include sulfurized or unsulfurized alkyl or atkenyl phenates, alkyl or alkeny! aromatic
sulfonates, borated sulfonates, sulfurized or vnsulfirized metal salts of nwlt-hydroxy alkvl or
atkenyl aromatic compounds, alkyl or alkenyl hydroxy aromatic sulfonates, sulfurized or
unsuffirized aliyl or alkeny! naphthenates, metal sslts of alkanoic acids, metal salts of an
atkyl or alkenyvl multiacid, and chemical and physical mbowres thercof.  Other non-limiting
examples of suiiable metal defergents include metal sulfonates, salicylates, phosphonates,
thiophosphonates and combinations thereof. The metal can be any metal suiiable for making
suffonate, salicylate or phosphonate detergents. Non-limiting examples of suitable metals
include alkali metals, alkaline metals and transition retals. In some embodiments, the metal
is Ca, Mg, Ba, K, Na, Li or the like.

{08151 Generally, the amouwn of the detergent additive can be less than 10,000 ppm,
fess than 1000 ppm, less than 100 ppm, or less than 10 ppm, based on the total weight of the
tubricating ofl composition. In some embodiments, the smount of the detergent is from about
0.001 wt. % to about § wi. %, from about 0.05 wi. % to about 3 wi. %, or from about 0.1 wi.
% to about 1 wt, %, based on the total weight of the lubricating ofl composition. Some
suitable detergents have been described in Mortier et al, "Chemistry and Technology of

Lubsicants,” 2nd Edition, London, Springer, Chapter 3, pages 73-85 (19%6); and Leshie R
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Rudnick, "Lubricant Additives: Chemistry and Applications,” New York, Marcel Dekker,
Chapter 4, pages 113-136 (2003), both of which are incorporated herein by reference.

[0152] The luhricating off composition disclosed herein can contain one ot more
friction modifiers that can lower the friction briween moving parts. Any friction modifier
known by a person of ordinary skill in the arf may be ased in the lubricating oif composition.
Non-limiting examples of suitable friction medifiers include fatty carboxylic acids;
derivatives (z.g., alcohol, esters, borated esters, amides, metal salts and the like) of fatty
carboxylic acid; mono-, di- or wi-alky} substituted phesphoric acids or phosphbouic acids;
derivatives {c.g., esters, amides, metal salts and the fike) of mono-, di- or tri-alky! substituted
phosphoric acids or phosphenic acids; mone-, di- or tri-alky! substituted amines; meno- or di-
atkyl substituted amides and combinations thereof Tn some embodiments examples of
friction modifiers include, but are not lanited to, alkoxylated falty amines; borsfed fatty
epoxides; fatty phosphites, fatty spoxides, fatty amines, borated alkoxylated fatty amines,
metal salis of fatty acids, fatty acid amides, glyceral esters, borated glyeerol esters; and farty
imidazolines as disclosed in U.8. Patent No. 8,372,696, the contents of which are incorporated
by reference herein; friction modifiers obtained from a reaction product of a Cy to Crs, ora Gy
t (g, or 2 s to Oy, Tatty acid esler and a nitrogen-containing compound selected from the
group consisting of snmmonia, and an alkanolamine and the Lke and mixtures theresf. The
amount of the friction modifier may vary from about 0.0} wt. % to abowt 10 wt. %, from
about 0.05 wt, % to sbout § wi. %, or from ghout 0.1 wt. % to about 3 wi, %, based on the
total weight of the lubricating oil composition. Some suitable friction modifiers have been

deseribed in Mortier et a1, "Chemistry and Technology of Lubricants,” Ind Edition, London,
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Springer, Chapter 6, pages 183-187 (1996); and Lestie R, Rudnick, "Lubricant Additives:
Chemistry and Applications,” New York, Marcel Dekker, Chaplers 6 and 7, pages 171222
(2003), both of which are incorporated herein by reference.

j66153] The lubricating oil compostiion disclosed berein can contain one ot more anti-
wear agents that can reduce friction and excessive wear, Any anti-wear agent keown by &
person of ordinary skill i the srf may be used in the lubricating oil composition. Non-
Fimiting examples of suitable anti-wear agents include zine dithiophosphate, metal (e.z., Ph,
8b, Mo and the like) salts of dithiophosphates, metal (e.g., Zn, Pb, Sb, Mo and the like) salts
of dithiocarbamates, metal (e.g., 7n, Ph, Sb and the like} saits of fatty acids, boron
compounds, phosphate esters, phosphite esters, amine salts of phosphoric acid esters or
thiophosphoric acid esters, reaction products of dicyclopentadiene and thiophosphoric acids
and combinations thereof. The amount of the anti-wear agent may vary from about 9.01 wt
% to about 5 wt, %, from about 0.03 wt. % to about 3 wi. %, or from about 0.1 wt, % to about
1 wt. %, based on the sotal weight of the lubricating oil composition. Some suitable anti-wear
agents have boon described in Leslic R, Rudnick, "Lubricant Additives: Chemistry and
Applications,” New VYork, Marcel Dekker, Chapler 8, pages 223-238 (2003), which is
incorpotated herein by reference.

HURRES In cerfain embodiments, the anti-wear agent is or comprises 2 dilivdrocarbyl
dithiophosphate metal salt, such as zinc dialky] dithiophosphate compounds, The metal of the
dihydrocarby] dithiophosphate metal salt may be an alkall or alkaline carth melal, or
aluminum, lead, tin, molybdenum, manganese, nickel or copper. In some embodiments, the

metal is zinc. In other embodiments, the alkyl group of the dihydrocarbyt dithiophosphate
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metal salt has from ebout 3 to abowt 22 carbon atoms, from about 3 to about 18 carbon atoms,
from about 3 to about 12 carbon atoms, or from about 3 to about & carbon atoms. In further
embodiments, the alkyl group is linear or branched.

[00155] The amount of the dikydrocarbyl dithiophosphate metal salt including the zing
dialky! dithiophosphate salts in the lubricating oll composition disclosed herein is measured
by its phosphorus content. In some embodiments, the phosphorus content of the lubricating
oil composition disclosed herein is from about 0.61 wi. % to about 0.12 wi. %, from shout 0.1
wt. %% to abouwt 010 wi %, or from abouwt 0.2 wi. % to about 8.8 wt. %, based on the total
weight of the lubricating oif composition,

(681561 The lubricating ofl composition disclosed herein can contain one or more foam
inhibitors or anti-foam inkibitors that can break up foams in oils. Any foam imhibitor or anti-
foam known by a person of ordinary skill in the art may be used in the lubricating oil
compositiop. Non-limiting examples of suitable foam inhibitors or anti-foam inhibitors
include silicone oils or polydimethyisiloxanes, fluorosilicones, slkoxylated aliphatic acids,
polyethers (e.g., polyethyiene glyeols), branched polyvinyl ethers, alkyl acrylate polymers,
alkyl methacrylate polymers, polyalkoxyamines and combinations thercof. In some
grmbodiments, the foam inhibitors or anti-foam inhibitors comprises glycerol monosiearate,
polvglyeol palmitate, a trialkyl monothiophosphate, an ester of sulforated ricinoleic acid,
henzoylacetone, methy] salicylate, glveerol monooleate, or glyeerol dicleate. The amount of
the foam inhibitors or anti-foam inhibitors may vary from about 0.01 wt. % to about § wt, %,
from ahout (.05 wt. % fo about 3 wt. %, or from about (.1 wi. % to about 1 wit. %, based on

the total weight of the lubricating oil composition. Some suifable foam inhibitors or anti-
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foam inhibitors have been described in Mortier ot al, "Chemistrv and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapler &, pages 190-193 (1994), which is
incorporated herein by reference.

0157 The lubricating oil composition disclosed herein can contain one er more poar
point depressants that can fower the pour point of the lubricating oil composifion. Any powr
point depressant known by g person of ordinary skill in the art may be used in the lubricating
oil composition, Non-hmting examples of suiable powr point depressanis include
polymethacrylates, atkyl acrylate polymers, alkyl methacrviate polymers, diftetra-paraffin
phenoliphthalate, condensates of tetra-paraffin phenol, condensates of 2 chlorinated paraffin
with naphthalene and combinations thereof. In some embodiments, the pour point depressant
comprises an ethylene-vinyl acetate copolymer, a condensate of chiorinated paraffin and
phenol, polyalky! styrene or the like. The amount of the pour polnt depressant may vary from
about 0,01 wi. % 1o about 10 wt. %, from about 0.05 wi, % to sbout § wt. %, or fiom about
(.1 wt. % to about 3 wit. %, hased on the total weight of the lubricating oil composition,
Some suitable pour point depressants have been described in Mortier et al, "Chemisiry and
Technology of Lubricants,” Znd Edition, London, Springer, Chapter 6, pages 187-189 (1996);
and Leslie B, Rudnick, "Lubricant Additives: Chemistry and Apphications,” New York,
Mareel Dekker, Chapter 11, pages 329-334 (2003}, both of which are mcorporated herein by
reference.

[BO1AE] The jubricating oil composilien disclosed herein can confain one or morg
demulsifiers that can promote oil-water separation in lubricating ol compositions that are
exposed to water or steam.  Any demulsifier known by a person of ordinary skill in the an

P
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may be used in the lubricating oil composition. Non-Hmiting examples of suilable
derulsifiers include anionic swrikclants {¢.g., alkyl-naphthalene sulfonates, atkyl benzene
sulfonates and the like), nonfonic alkoxyiated alkyl phenol resins, polymers of alkylene
oxides {e.g., polvethviene oxide, polypropylenc oxide, block copolymers of ethylene oxide,
propylens oxide and the like), esters of oil scluble acids, polyoxyethylene sorbitan ester and
combinations thercol. The amount of the demulsifier may vary from about 0.01 wt. % to
about 10 wi, %, from about 0,05 wt, % to about 5 wi. %, or from about 8.1 wi. % to about 3
wi, %, based on the total weight of the lubricating oil composition. Some suitable
demmlsifiers have been deseribed in Mortier ot al, "Chemistry and Technology of
Lubricants,” 2nd Edition, London, Spenger, Chapter 6, pages 190-193 {1996), which is
incorporated herein by reference.

100159} The lubricating off composition disclosed hereln can contain one or more
corrosion inhibitors that can reduce corrosion, Any corrosion inhibitor known by a person of
ordinary skill in the art may be wsed i the lubricating oil compoesition. Mon-limiting
examples of suiable corrosion inhibitor include half esters or amides of dodecylsuccinic acid,
plzos';}hafe esters, thiophosphates, alkyl imidazolines, sarcosines and combinations thereof.
The amourt of the corrosion inhibitor may vary from about .01 wi. % to about 5 wt. %, from
ghout 0.05 wt. % 0 abow 3 wi %, or from ghowt 0.1 wi. % to ahowt 1 we, %, based on the
total weight of the lubricating oil composition. Some suitable corrosion inhibitors bave been
described in Mortier ef al,, "Chemistry and Technology of Lubricants,” 2nd Edition, Loudon,

Springer, Chapter 6, pages 193-196 (1996), which is incorporated herein by reference.
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{00156 The bricating ofl vomposition disclosed herein ean contain one or raore
extreme pressure (EP) agents that can prevent sliding metal surfaces from selzing under
conditions of exireme pressure, Any extreme pressure agent known by a person of ordinary
skill in the art may be used in the lubricating oil composition. Generally, the exireme
pressure agent is a compound that can combine chemically with a metal to form a surface film
that prevents the welding of agperities in opposing metal surfaces under high loads. Non-
miting examples of suitable exireme pressure agents include sulfurized animal or vegetabie
fats or ails, sulfurized animal or vegetable fatty acid esters, fully or partially esterified esters
of trivalent or pentavalent acids of phosphorus, sulftrized olefins, dilspdrocarbyl polysulfides,
suifurized Diels-Alder adducts, sulfurized dicvelopentadiene, sulfurized or co-sulfurized
mixtures of fatty acid esters and monounsaturated olefins, co-sulfirized biends of fatty acid,
fatty acid ester and alpha-olefin, functionally-substituted dihydrocarbyl polysulfides, thia-
aldehydes, thia-ketones, epithio compounds, sulfur-containing acetal derivatives, co-
sulfurized blends of terpene and acyclic olefins, and polysulfide olefin products, aming salts
of phosphoric acid esters or thiophosphoric acid esters and combinations thereof. The amount
of the extreme pressurs agent miay vary from about 0.0 wt. % o about 5 wi, %, from ghout
0.05 wt. % to shout 3wt %, or from about 0.1 wi. % to about 1T wt. %, based on the fotad
weight of the lubricating ol composition. Some suliable extreme pressure agents have been
described in Leslie R, Radnick, "Lubricant Additives: Chemistry and Applications,” New
York, Marcel Dekker, Chapter 8, pages 223-238 (2003}, which is incorporated herain by

reference.
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[6161] The fubricating ofl composition disclosed herein can corntain one or more rust
infitbitors that can inhibit the corresion of ferrous metal surfaces, Any rust inhibitor known
by  person of ardinary skill in the art may be used in the lubricating oil composition. Non-
limiting examples of suitable rust inkhibitors include ponionic polyoxyalkylene agents, c.g,
polyvoxyetiylene lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
nonylphenyl ether, polvoxyethylene votviphenyl ether, polyvoxyethylene octyl stearyl ether,
polyoxyethylene oleyt ether, polyoxyethylene sorbitol monosicarate, polyoxyethylene sorbitol
monooleate, and polyethylene glycol monooleate; stearie acid and other fatty acids,
divarboxylic acids; metal soups; fatty acid amine salts; metal salts of heavy subfonic acid;
partial carboxylic acid ester of polyhydric aleohol; phesphoric esters; {short-chain) athenyl
succinic acids; partial esters theveof and nitrogen-containing derivatives thereol; synthetic
alkarylsulfonates, ¢.g. meial dinonylnephthalene sulfonates; and the like and mixtures
thereof, The amount of the rust inhibitor may vary {rom abeuot 0.01 wi. % to about 10 wi, %,
from about 0.05 wi, % to ghout 5 wi. %, or from about 3.1 wt. % to about 3 wi. %, hased on
the total weight of the lnbricating oil composition.

{Btiel] The lubricaiing ofl composition disclosed herein can contain one or more
multifunctional addiives.  Nowlimiting examples of suitable multifunctional additives
nchude  suifurized  oxymolvbdensm  dithiocarbamate, sulfurized  oxymolybdenum
organophosphoradithioate, oxymolybdenum  wonoglyeeride, oxymolybdenum  diethylate
amide, amine-molybdenum complex compound, and sulfur-containing molybdenum complex

compound.
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1G0163] The Tubricating oil composition disclosed herein can comtain one or more
viscosity index improvers. Non-limiting examples of suitable viscosity index nmprovers
include polymethacrylate type polvmers, ethylene-propylene copolymers, styrene-isoprene
copolymers, hydrated styrene-isoprene copolymars, polyisobutylene, and dispersant type
visoosily index improvers.

{00164] The lubricating oil composition disclosed herein can contain one or more metal
deactivators. Non-fumiting examples of suitable metal deactivators include disalicylidene
propylenediamine, wiazole derivatives, thiadiazole dertvatives, and mercaptobenzimidazoles.
[(0165] If desired, the lubricant additives may be provided as sn additive package or
concentrate in which the additives are incorporated into » substantially inert, normally liquid
organic diluent such as, for example, mineral ofl, naphtha, benzene, toluene or xylene to form
an additive concentrate. These concentrates usually conlain from about 20% {o about 80% by
weight of such difuent. Typically, a newiral oil having a viscosity of about 4 1o abowt 8.5 ¢§t
at 100°C and preferably about 4 1o shout 6 ¢8t at 100°C will be used as the diluent, though
syathetic oils, as well as other otganic Hquids which are compatible with the additives and
finished lubricating ofl can also be used. The addiive package will typically contamn one or
more of the various additives, referred to above, in the desired amounts and ratios to facilitate
direct combination with the reguisite amount of the oil of lubricating viscosity.

{00166} In the present inveniion, the sulfated ash content of the total lubricating oll
composition is less than 5 wi. %, less than 4 wi. %, less than 3wt %, less than 2 wt, %4, or

less than T wi. %, as measured according to ASTM [3874-07,
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{60167} The lubricating oil composition disclosed herein may be suitable for use as
motor oils {or cngine oils or rankcase oils), trunk piston engine oils, marine oils,
transmission fluids, gear oils, power steering fluids, shock absorber fluids, brake {hdds,
hydraulic fluids sndfor greases.

[B8168] In one embodiment, the fubricating oil compaosition disclosed herein is 2 motos
or engine oil. Such a motor off composition may be used to hubricate all major moving parts
in any reciprocating imternal combustion engine, reciprocating compressors and in steam
engines of crankcase design. I auvtomoative applications, the motor oif composition may also
be used to cool hot engine parts, keep the engine free of rust and deposits, and seal the rings
and valves against leakage of combustion gases. The motor oil composition may comprise a
base 0il, a posi-ireated salt of & sulfurized alkyl-substituted hydroxyaromatic composition
disclosed herein, and one or more optional additives,

{B01691 In one embodiment, the lubricating oil composition disclosed herein is a gear
oil for cither automotive or industrial apphications. The gear ofl compostiion may be used to
lubricate gears, rear axles, automotive transmissions, final drive axles, accessories in
agricultural and construction equipment, gear housings and enclosed chain drives. The gear
oil composition may comprise a base oil, a post-treated salt of a sulfurized alkyl-substituted
hydroxyaromatic composition diselosed herein, and one or more optional additives

[o6178] In one embodiment, the lubricating ofl composition disclosed herein is a
transmission fluid, The transmission fluid composition may be used in cither automatic

transmission o manval transmission {0 reduce transmission losses, The transmission Huid
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cormposition may comprise a base oil, a post-treated salt of a sulfurized alkyl-substituted
hydroxvaromatic composition disclosed herein, and one or more optional additives,

{66171} In one embodiment, the lubricating ofl composition disclosed herein is a grease
used in various applications where extended ubrication is required and where oil would not
be retained, e.g., on a vertical shaft. The grease composition may comprise a base oil, a post-
treated salt of a sulfurized alkyl-substituted hydroxyaromatic compesition disclosed herein,
ane or niore optional additives and s thickener.

00172} The foliowing non-limiting examples are illustrative of the present invention,
1001734 The concentration of free unsulfurized alkyl-substituted hydroxyaromatic
compound and ity unsulforized metal salts i the postireated salt of the sulfunized alkyl-
substituted hvdroxyaromatic composition as disclosed herein and exemplified below, as well
as lubricants and oil additives conmtaining salts of the sulfurized alkyl-substituted
hydroxyaromatic composition is determiined by reverse phase High Performance Liguid
Chromatography (HPLC). In the HPLC method, samples were prepared for analysis by
weighing acourately 80 to 120 mg of sample into a 10 mi volumetric flask, diluting to the
level mark with methyiene chloride, and mixing uniil the sample s fully dissolved.

108174 The HPLC system used in the HPLC method included a HPLC pump, 2
thermostatted HPLC colupn compariment, HPLC fluorescence detector, and PC-based
chromatography data acquisition system. The particular system described is based on an
Agilent 1200 HPLC with ChemStation software.  The HPLC column was a Phenomenes
Luna C8(2) 150 x 4.6mm Sum 1004, PN 00F4249E0.

jon75) The following system settings were used in performing the analyses:
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(60176 Pumyp flow = 1.0 mi/min

{68177} Maximum pressure = 200 bars

[00178] Fluorescence wavelength: 225 excitation 313 emission : Gain=9
[6179] Column Thermostat temperature = 23°C

[08180] Injection Size = 1 ul, of diluted sample

[06181] Ehition type: Gradient, reverse phase

{06182} Ciradient: 0-7 min 85/15 methanol/water switching o 100% methanol linear
gradient.

{06183 Run time: 17 minutes

{00184} The resulting chromatograph typically contains several peaks. Peaks due to

the free unsutfurized aikyi-;substitxztﬁﬁ hydroxyaromatic compound and its unsulfurized metal
galts, which convert to free un~sulfurized hydroxyaromatic compound under these conditions,
ehate together at early refention times; whereas peaks due fo sulfurized salts of alkyl-
substifted hydroxyaromatic compositions typically elute at longer retention tmes. For
purposes of quantitation, the arca of the single largest peak of the free unsulfurized alkyl-
substituted hydroxyvarematic compound and s vnsulfurized melal salts was measured, and
then that ares was used to determine .the concentration of the total free unsulfurized atkyl-
substituted  hydroxvaromatic compound and s unsulfurized metal salt species.  The
assumption is that the speciation of alkyl-substituted hydroxyaromatic compounds does not
change; if something does change the speciation of the alkyl-substitwted hydroxyaromatic

compousds, then recalibration is necessary.
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[00185] The area of the chosen peak is compared to a calibration curve to arrive at the
wi-% of free alkylpheno! and free unsulfurized salts of allylphencls. The calibration cmve
was developed using the same peak in the chromatograph obtained for the free unsulfiwized

alkythydroxyaromatic compound used 10 make the phenate product,

EXAMPLE 1

[HHIRG Preparation  of Mannich Post-Treated Sulfurized Calcium  Phenate
Compostion,
[B8187] 10 g of an averhased sulfurized calcium phenate composition {commurcially

available from Chevron Oronite Company LLC) having 2 TPP content of about 8§ wt. % was
heated to about 80°C and transferred fo & I100ml two-neck round bottom flask. The
temperature in the flask was maintained at about 80°C while Sml of toluene solvent
{approximately 30 wi. % equivalent of the phenate charge) was added to the composition,
Immedizely afier the addition of solvent, 5 molar equivalents of paraformaldehyde (based on
molar equivalent of resideal TPP) was added and then the mixture was held at 80°C for 10
mimutes. Next, 5 molar equivalents of dicthylamine (based on molar equivalent of residoal
TPP) was then slowly added and the reaction conditions were maintained at & temperature of
80°C for a reaction time of 4 hours. At the end of the reaction time, the solvent was distilled
under vacuum. The distilled product had a residual total TPP content of 0.53 wi. %, which

restlted i & 93.38% reduction,
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EXAMPLES 2 to 14 and COMPARATIVE EXAMPLES A and B
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The following examples were repested in substantially the same manner a5

Example 1 veing the reaciants and reaction conditions as set forth below in Table 1. In

Example 3, the overbased sulfurized calcium phenate composition was first guenched with |

molar equivalent of acetic acid prior to the addition of the Mannich reagests. For the

following examples, the source of formaldehyde was paraformaldehyde and the starting

sulfurized csletumn phenate composition was an overbased sulfurized calcium phenate

somposition having a TPP content of aboui 8.6 wt. %.

TABLE |
By Molar Molar Final
Comp. Eqg. Eg. i Temp., | Time, | TPP, % TPP
B Amine Amine i Aldehyde | Solvent, wh.% °C ars wi. ¥ Reduced
2 10| dicthylamine 10§ 50%toluens 8 | 4 | 616 984
3 3 dicthylamine 5 15% toluene Y 4 0.i8 97.8
4 0| diethylaming [0 1 40% 100N 8 | 4 | om0 160.0
5 & diethylamine 5 56% 100N 86 4 010 93.8
& 3 diethyiamine 5 50% 100N 30 0.3 179 T
7 5 diethylomine 5 S0% 100N 8 $ 4.17 978
8 5 diethvlamine § 0% 00N 10¢ 4 4,20 97.6
9 5 digthylaming 5 50% 100N 180 4 1.64 794
1 ] diethyiamine 5 30% 2w 80 4 004 47.8
7 cthyihexanol
L1 3 diethylamine 5 30% devylalcohol 80 4 {114 98,3
iz 5 didodecylamine 5 50% 100N 80 4 .68 94,1
i3 § is(2-ethythexyl) 5 50% 160N 80 0.5 178 N
anting
14 5 bis(T-athylhexyd) 5 56% 100N Fith 5 137 §id
sming
A 3 diethylamine 3 §6% 100N o6 | 4 148 56.3
B 2 diethylamme 2 S0% 100N 20 4 4.89 388
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EXAMPLES 15 to 25 and COMPARATIVE EXAMPLES C-E
{00185} The following examples were repeated in substantially the same manner as
Fxample 1 using the reactants and resction conditions as set forth below in Table 2. For the
following examples the source of formaldehyde was either paraformaldehyde (PF) or formalin
(F} and the starting sulfurized calcium phenate compesition was an overbased sulfurized

galcium phenate composition having a TPP content of about 5.5 wi. %.

TABLE 2

g Ex.f Molar Molar j Fiual

? Comp. | Egq. Eg. Temp., | Time, | TPP, | %TPP

| Ex. | Amin Awmine Aldehyde | Solveat, wt. % 1 s | wt% | Reduced

(18 $ | diethylamine 5F 50% 100N 1 80 4 0.69 873

s 5| diethylamine SPR 50% 100N | 80 41 045 1 o
17 10 | diethylamine WF 0% 100N 30 4 .08 98.6
18 10 diethviaming WPF | 0% 100N 100 4 0.65 892
19 z dimethyiamine 2 5686 TOON 80 4 (.95 528
20 5 dimethylamine 3F 5% 160N & 4 .11 981
2} 1| dimethvlamine HWFE 50% 100N ik 4 3,00 1000

mong-methy] ‘

22 2 amine 4.5PF 5% foluene 30 4 E10 30.0
23 5 ¢ didecylamine SPF 80% toluene 80 4 (.85 84 6
24 3 | diethylamine IP¥ 15% toluene 80 4 8.7 8§73
25 4 | diethylamine 4PF 15% toluene P80 4 0,36 83.5
C 2 | diethylamine ¥ 50% LOON B0 4 2.48 358
D 2 | diethylamine iF 15% Jethvihexangd s 4 1.95 84,5

B 2 dicthyltriaming 4.5PF | 15% tohuens 30 4 131 162

61

SUBSTITUTE SHEET (RULE 26)




WO 2013/151593 PCT/US2012/071753

EXAMPLES 26 10 29
[B0190] The following examples were repeated in substantially the same manner as
Example | using the reactants and reaction conditions as set forth below in Table 3. For vach

example, the source of formaldehyde was paraformaldehyde and the starting sulfurized

calcium phenate composition was not overbased and had a TPP content of about 2.8 wi. %.

TABLE 3
Bx.s 1 Molar Molar - Final
Comp. Eg. Eq. Temp., | Time, TPP, % TPP
Bx. Aming Amine Aldehvde | Solvent, wi % °C hrs wt. % | Reduced |
2 ! diethylaming i 100% benzens 86 4 .14 959
27 1§ digthylamine 5 50% 100N 86 4.5 8.00 1.8
28 3 dicthylamine 5 0% 10N 80 4 0.00 100.0
29 5 diethylamine 3 15% toluene 80 4 0.14 850
EXAMPLE 30
{06191} Preparation of Mannich Post-Treated Tetrapropenyl Alkylphenol
[oe192] To 150g of tetrapropenyiphenol (TPP) in a 1 liter three neck round bottom

flask fitted with a magnetic stirrer, condenser and nitrogen inlet was added 500mi of
anhydrous benzene, The solution was stirred vigorously onder a nitrogen atmosphere at
ambient temperature, and paraformaldehyde (19.55g, 1.2eq) was added, followed by addition
of diethylamine (67.9ml, 1.2eq) over a 5 minute period. The reaction mixture was heated to

80°C for 4 hours, then cooled to ambient temperature. Ethyl acctate was then added (500ml)
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and the reaction mixture was washed with 3 x 200ml of 1N HCIL, dried over MgSO, and the
solvent removed under reduced pressure.

(60193} The crude product was purified using flash column chromatography: 'H NMR
§ 0.2-1.9 (m, 31.9 3}, CH3, CH2), § 2.51 (, 40 H,CH2), 8 3.7 (5, 2.0 H, CH2-N), 8 6.5~ 7.3
(m, 3.0 H, aromatic CH).

166194} Testing

{66193] The objective of the study was 1o evaluate the ability of the mannich post-
wreated tetrapropenyl alkylphenol of Fxample 30, to demonstrate or mimic biological
activities consistent with agondsm: of natural estrogens,

[80196} Procedure

{00197 In accordance with OFCD Guidetine No. 440, the OECD prineiples of GLP,
and 1.8, EPA GLP Standards (40 CFR, Parts 160 and 792), the mannich post-treated
tetrapropenyl alkylpheno! of Example 30 was administered orally by gavage to test groups of
6 pvariectomized female Crl:CD(SD) rats once daily tfor 3 consecutive days at 75, 250, 500,
and 1000 mg/kg/day. A positive control group (1 7a-sthynylestradiof at 0.2 mg/kg/day) and a
vehicle control group {corn oil) were also tested. Animals were cuthanized by carbon dioxide
inhalation approximately 24 hours following administration of the last dose, and a4 gross
examination of the wterus was conducted; and ulerine weights {wet and blotted} were

recorded.
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[06198] Resolts:

(6199 Body Weights

100200 Significamt (p<0.05 or p<ti.1) mean body weight losses were noted in the
animals (250, 500, and 1000 mefkg/day treatment groups) treated with manmnich post-freated
tefrapropenyl alkylpheno! of Example 30 and the positive contrel animals (0.2 mgkg/day
estradiol) compared to the mean body weight gains in the velicle control animals over the
treatment period.

j08201] Uterine Weights

100202] As shown in Figure 1, there was no significant difference in mean blotted or
wel nierine weights ai any of the four treatment groups (75, 250, 500, and 1000 mg/kg/day}
compared to the vehicle control group. Both mean blotted and wet uterine weights in the
positive control group were significantly increased (p<0.01) compared to the vehicle control
group. Itis believed that TPP typically causes dose-dependent increase in uterine weights {1,
2,3 and 7 fold at 75, 128, 250, and 500 mg/kg/day, respectively,

{88203 Conclusion

00204} CECTY Guideline No, 448 (Uterotrophic Assay) indicates that 2 test should be
considered positive if there iy a statistical increase in nferine weight {(p<0.05) when compared
to vehicle control. Based on this guidance, the data suggests that the mannich post-treated
tetrapropeny! atkylphenol of Example 30 doss not appear to demonstrate or numic the

biological activity consistent with agoenists of natural estrogen it the Ulerotrophic assay.
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EXAMPLE 31
[30205] Preparation of Mannich Post Treated Sulfurized Calclum  Phenate
Composition.
[60206] A reactor contaiing 418.6 grams of overbased sulfirized caleium phenate

composition {commercially available from Chevron Oronite Company LLC) having a total
TPP content of 5.5 wt. % was heated to a reaction tempersture of 100°C and 12.6 grams of
solid para-formaldehyde was added. This mixture was stirred 5 minutes and then 30.5 grams
of di-ethylamine was added over 3 minutes. The reaction mixture was held at 100°C for 5
howrs, The reaction was stripped by placed under vacuum (250 mm Hg) and heated to 130°C
and held there for 30 minotes. The vacuum was broken with nitrogen, the reaction allowed to
cool to approximately 100°C and the reactor contents isolated to afford 431.6 grams of crude
product, A portion (214.9 grass ) of the crude product was filtered with the aid of filter aid
(Celite) to afford 187.7 grams of final product with the following properties: TBN = 260; wi,
% Total TPP = 0.3; wi., %, % Ca = 9.2, wt. % Sulfur = 3.2, wi. % COZ = 4.78, Volume %
Sediment = 0.01, wt. % Nitrogen = 0.35, Viscosity = 504 ¢St (100°C) as determined by
ASTM D445-88,

{08267} Repeating the above reaction while varying the reaction temperature between
80°C and 130°C; the hold time between 3.5 hrs and 6 hrs; the stripping temperature between
110°C and 130°C and stripping vacuum between 250 mm Hg and 350 Hg; afforded filtered

final products with viscosities ranging from 389 ¢81 (110°C) to 538 oSt (100°C},
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{60208} It will be understood that various moedifications may be made to the
grbodiments disclosed herein. Therefore the above description should not be construed &5
limiting, but merely as exemplifications of preferred embodiments.  For example, the
fimctions described sbove and implemented as the best mode for operating the present
invention are for illustration purposes only, Other arvangements and racthods may be
implemented by those skilled in the art without departing from the scope and spirit of this
invention. Moreover, those skilled in the ant will envision other modifications within the

scope and spinit of the claims appended hereto.
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WHATISCLAIMEDIS:

1. A post-ireated salt of a sulfurized alleyl-substituted hydroxyaromatic composition
which 15 & reaction product of () a salt of a sulfrized alkyl-substituted hydroxyaromatic
composilion, wherein the allyl-substituted hydroxyaromatic compound is derived from
alkylation of a hydroxyaromatic compound with one or more olefing comprising Cs to Cig
oligomers of monomers selected from propylene, butylene or mixtures thereof, (b) a source of
an aldehyde and {c) & primary andfer sccondary moavamine compound having at least one

active hydrogen,

2. The post-treated salt of a sulfurized alkylhydronysromatic compesition according
to Claim 1, wherein the salt of & sulfurized alkyl-substinded hydroxyaromatic composition is

an overbased salt of a sulfurized alkyl-substituted hydroxyaromatic composition.

3. The post-treated salt of a sulfurized alicylhydroxyaromatic composition according
to Claims 1 or 2, which is prepared by a process comprising:

{a) providing a salt of a sulfurized alkyl-substituted bydroxyaromatic composition
comtaining an vnsulfurized alkylsubstituted hydroxyaromatic compound and its unsulfutized
metal salt; wherein the alkyisubstitvied bydroxyaromatic compound is derived from
atkylation of a2 hvdroxyaromatic compound with one or more olefing comprising Co to Cpy
oligomers of monomers selected from propylene, butylene or mixtures thereof; and

{b) reacting the salt of a sulfurized alkyl-substitated hydroxyaromatic composition

with an effective amount of an aldehyde and a primary and/or secondary monoamine
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compound having at legst one active hydrogen and under reaction conditions sufficient to
provide & post-treated salt of the sulfurized alkyl-substituted hydroxyaromatic composition
having at least about 70% reduced comtent, by combined mass, of the vnsulfurized alkyl
substituted hydroxyaromatic compound and its vnsulfurized metal sall, compared fo the
comtent, by combined mass, of the unsulfiwized aliyl-substituted hydroxyaromatic compound
and its unsuifurized metal salt present in the non-post-treated salt of a sulfurized alkyl

substituted hydroxyaromatic compesttion,

4, The posi-treated salt of a sulfurized alkythydroxyaromatic compound according to
Claims 1-3, having at least about §0% reduced content, by combined mass, of the
unsulfurized alkyl-substituted hydroxyaromatic compound and its unsolfurized metal salt,
compared to the content, by combined mass, of the unsulfurized slkyl-substituted
hydroxyaromatic compound and i3 unsuifurized metal salt present in the non-post-treated sait

of & sulfurized atkyl-substituted hydroxyaromatic composition.

5. The post-treated salt of a sulfurized alkylhvdroxyaromatic compound according to
Claims 1.3, having at least abomt 90% reduced content, by combined mass, of the
unyubfurized alkyl-substifuted hydrosyaromatic compound and its unsulfurized metal salt,
compared to the content, by combined mass, of the unsulfurized alkylsubstituted
hydroxyaromatic compound and its unsulfurized metal salt present in the non-post-treated salt

of 2 splfurized allovi-substituted hydroxyaromatic composition.

68
SUBSTITUTE SHEET (RULE 26)



WO 2013/151593 PCT/US2012/071753

6. A process for preparing a post-treated salt of a sulfurized alkyl-substinsted
hydroxyaromatic composition having a reduced content of unsulfurized alkyl-substituted
hydroxyaromatic compound and its unsulfurized metal sali, the process comprising the steps
of:

{a) providing a salf of a sulfurized alkyl-substituted hydroxyaromatic composition
containing an unsulfurized alkyl-substituted hydroxyaromatic compound and its unsuifurized
metal sal, wherein the alkyl-substituted hydroxyaromatic compound i3 derived from
alkylation of a hydroxyaromatic compound with one or more olefins comprising Cs to Cig
oligemers of monomets selected from propylene, butylene or mixtures thereof] and

(b} reacting the salt of a sulfurized alkyl-substitoted hydroxyaromatic composition
with an effective amount of an aldehyde and a primary andfor secondary monoamine
compound having at least one active hydrogen and under reaction conditions sufficient fo
provide a post-treated salt of the sulfurized atkyl-substituted hydroxyaromatic composition
having at Jeast about 70% teduced content, by combined mass, of the unsulfurized alkyl-
substituted hydroxverematic compound and its unsulfirized metal self, compared to the
content, by combined mass, of the unsulfurized alkyl-substituted hydroxyaromatic compound
and its unsulfurized metal salt present in the non-posi-treaied sali of ¢ sulfurized alkyl-

substitwred hydroxyrromatic composition.

7. The process according to Claim 6, wherein the salt of a sulfurized alkyl-substituted
hydroxyaromatic composition provided in step {a) is an overbased salt of 2 suiferized alkyl-

substituted hydroxyaromatic composition,

6%
SUBSTITUTE SHEET (RULE 26)



WO 2013/151593 PCT/US20612/071753

8, The process according to Claims 6 or 7, wherein the effective amount of the
aldehvde is from about 1 molar equivalent to about 10 molar equivalent per equivalent of the
wnautfurized alkyl-substitted hydroxyaromatic compound and its unsulfurized metal salt
present in the salt of a sulfurized alkyl-substituted hydroxyaromatic composition provided in
step (), and the effective amount of the moncamine compound is from abowt 1 molar
equivalent {o about 10 molar equivalent per cquivalent of the unsulfurized alkyl-substituted
hydroxyaromatic compound and its unsulfurized metal salt present in the salt of & sulfurized

alkyl-substituted hydroxyaromatic compesition provided in step {a).

9. The process according to Claims 6-8, wherein the post-ireated salt of the sulfurized
alkyl-substituted hydroxyaromatic composition has at least about 80% reduced content, by
combined mass, of the unsolfurized alkyl-substituiod hydroxyaromatic compound and its
unsulfurized metal salt, compared to the content, by combined mess, of the unsulfurized
atkyl-substituted hydroxyaromatic compound and its unsulfurized metal salt present in the

non-posi-treated salt of 2 sulfurized alkyl-substituted hydroxyaromatic composition.

1 The process according to Claims 6-8, wherein the posi-tremied salt of the
sulfurized alkyl-substituted hydroxyaromatic composition has af least about 90% reduced
content, by combined mags, of the unsuifurized alkyl-substituled hydroxyaromatic compound
and iz unsulfurized metal sall, compared to the content, by combingd mags, of the

unsulforized alkyl-substitnied hydroxyeromatic compound and its unsulfurized metal salt
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present i the non-post-ireated salt of a sulfurized alkyl-substituted hydroxyarematic

composition.

11, A jubsicating oil composition comprising {0} a major amount of an oil of
lubricating viscosity and (b} at least one post-treated salt of a sulfirized alkylhydroxyaromatic

compound according to Claims 1-5.

12. The lubricating oil composition according to Claim 11, wherein the at least one
post-treated salt of a sulfurized alkythydroxyaromatic compound is present in an amount of
about (.01 wi. % 1o about 10 wi. %, based on the total weight of the hubricating oil

composition,

13. The lubricating ol composition according to Claims {1 or 12, further comprising
at least one additive selected from the group consisting of an anfioxidant, anti-wear agent,
defergent, rust inhibitor, dehazing agent, demulsifying agent, metal deactivating agent,
friction modifier, pour point depressant, antifoanting agest, co-solvent, package
compatibiliser, comrosion-inhibitor, ashless dispersant, dye, extreme pressure agent and

mixiures thereof

14. A method for lubricating an engine comprising operating the engine with the

lubricating oi! composition according to Claims F1-13,
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15, A method for reducing the endocrine disrupting properties of a lubricating oil
compesition on exposure to mammals, the method comprising adding at least one post-ireated
salt of a sulfurized alkyl-substituted hydroxyaromatic composition according to Claims 1-5, 0

a fubricating oif compesition comprising a major amount of an oif of lubricating viscosity.
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